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Overview

Peter F. Ffolliott' and Malchus B. Baker, Jr.2

Abstract.—The purpose of this conference was to increase people’s
awareness of the potential contributions of watershed management to
conservation, sustainable development, and use of natural resources to
land stewardship in the 21" century. Through exploration of global,
national, and regional perspectives, a review of issues likely to be
confronted in the coming century, a retrospective viewpoint of water-
shed management entering the 21* century, anticipated watershed
management contributions to future land stewardship, and future
protocols necessary to attain these contributions, information was pro-
vided to accomplish the conference purpose. The conference included
2 and a half days of synthesis papers presented in plenary sessions by
invited United States and international speakers from public and pri-
vate research, management, and educational organizations. Two poster
sessions complemented the synthesis papers to broaden the conference
scope.

Introduction

To meet a growing population’s need for conservation,
sustainable development, and use of natural resources,
land stewardship effectiveness must improve in the 21*
century. Ecosystem-based, multiple-use land steward-
ship is necessary to present and potential future uses of
natural resources on an operationally efficient scale. Ho-
listically planned and carefully implemented watershed
management practices, projects, and programs will al-
ways be needed to meet the increasing demand for com-
modities, amenities, clean water, open space, and unclut-
tered landscapes in the 21* century.

Watershed Management

Watershed management means different things to dif-
ferent people. Even watershed managers have different
perspectives about what watershed management entails,
and how it should be accomplished. It was important,

" Professor, School of Renewable Natural Resources,
University of Arizona, Tucson, AZ

? Research Hydrologist, Rocky Mountain Research Station,
USDA Forest Service, Flagstaff, AZ
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therefore, that a perspective of watershed management be
adopted before the conference to enable presenters of
invited synthesis papers and contributed poster papers to
focus their contributions. This adopted watershed man-
agement perspective is in the following definitions and
concepts (Brooks et al. 1992, 1994, 1997).

Watershed - a topographically delineated area that is
drained by a stream system; also a hydrologic-response, a
physical-biological, and a socioeconomic-political unit for
management planning and implementation purposes; a
smaller upstream catchment that is part of a river basin.

River basin - similar to a watershed but larger in scale.

Watershed management - the process of organizing
and guiding land and other resource use on a watershed-
basis to provide the goods and services demanded by
society while minimizing adverse impacts to soil and
water resources. This concept recognizes the interrela-
tionships among soil, water, and land use, and the link-
ages between uplands and downstream areas.

A common misconception is that watershed manage-
ment is based only on physical interrelationships. Water-
shed management also involves economic and institu-
tional interrelationships. Keeping this in mind helps to
guide design practices and institutional mechanisms
needed to implement more effective watershed manage-
ment practices for better land stewardship.

Watershed management practices - changes in land
use, vegetative cover, and other nonstructural and struc-
tural actions on a watershed that achieve ecosystem-
based, multiple-use watershed management objectives.
Integrated concepts and operational applications of wa-
tershed management provide a framework for the conser-
vation, sustainable development, and use of natural re-
sources. Watershed management practices are the tools
that make the framework operational.

Synthesis Papers

The conference consisted of 2 and a half days of synthe-
sis papers presented by invited speakers from the United
States and international public and private research, man-
agement, and educational organizations. These papers
were presented in plenary sessions on global, national,
and regional perspectives of watershed management, a



review of land-stewardship issues likely to be confronted in
21% century, a retrospective viewpoint of watershed man-
agement entering the 21* century, anticipated watershed
management contributions to future land stewardship,
and future protocols necessary to attain these contributions.

Watershed Management Perspectives

The role of watershed management in moving toward
conservation, sustainable development, and use of natu-
ral resources was considered in a series of invited papers
presenting global, national, and regional perspectives of
watershed management. The regional paper focused on
past, present, and future watershed perspectives in the
Southwestern United States, which was the conference
setting. Issues of concern, lessons learned, and future
directions that might be followed to promote watershed
management were also reviewed. It was thought that
successful watershed management will advance because
organizations responsible for its use as a land manage-
ment strategy are highly adaptive, constantly seek new
information sources, and effectively use processes that
foster innovation.

Issues to be Confronted in the 21% Century

Global and national issues, and issues in the South-
western United States that are likely to be confronted in
the 21* century when implementing watershed manage-
ment practices, projects, and programs were the topics of
asecond series of invited papers. Many issues discussed in
this series concerned the current status and success and
the future of the watershed management planning pro-
cess. This planning process is complex and often difficult
to understand due to physical, biological, and social inter-
actions, which are the foundation of watershed manage-
ment. The point was made that society has a responsibility
to act together to conserve natural resources and to pre-
serve their integrity for future generations. The outcome
of this joint effort is sustainability.

Case Studies

Contributions of watershed management research to
land stewardship in the United States and internationally
were reviewed in a series of case studies that reinforced
information presented in the earlier papers. Manage-
ment-oriented research to learn more about the effects of
natural and human-induced disturbances on the func-
tioning, processes, and components of ecosystems in the
regions of the United States and internationally was de-
scribed in these synthesis papers. To this point in the

conference, the papers presented provided background to
presenting a retrospective viewpoint of watershed man-
agement.

A Retrospective Viewpoint

Evolving perceptions of watershed management from
the ancient concept discussed in Indian texts dated from
1,000 B.C. to that expressed in 19™ and late 20™ century
texts, permitted a comprehensive review of the watershed
lesson learned in the past 100 years. Advances in com-
puter technologies in recent years to facilitate storage,
retrieval, and summarization of historical natural resource-
based data sets for use by watershed researchers, manag-
ers, and decision makers were illustrated to the confer-
ence participants through computer demonstrations. Other
emerging tools and technologies for the capture, storage,
and use of spatial data sets for improving the scientific
understanding of watershed processes were also demon-
strated. The importance of socio-cultural perspectives
regarding development of watershed management part-
nerships between public and private sectors in the 21*
century were next examined.

Contribution to Future Land Stewardship

Securing clean water has been and will continue to be
asignificant watershed management contribution to land
stewardship. Generally, agencies have taken a regulatory
approach to meeting this goal; however, at this conference
it was suggested that, in recent years, a government trend
has been to move decision making and action taking to the
local level. Another paper emphasized that watershed
management will contribute to land stewardship by sus-
taining physical and economic flows of crucial natural
resources into the coming century. Maintaining the future
health and stability of sensitive riparian ecosystems
through the watershed-riparian connection is another
important contribution of watershed management. The
historical adverse impact of people on riparian sites
through their action on surrounding watersheds was ex-
amined. Maintaining landscape integrity through resto-
ration of degraded riparian ecosystems was discussed in
a case study on the White Mountain Apache Reservation
in Arizona.

Future Protocols

Future watershed management protocols will prob-
ably focus on anticipating future watershed conditions,
responding to increased demands for water and water-
shed resources, and then implementing the appropriate
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effective policies. The conference dealt broadly with wa-
tershed and natural resources management and with the
multiple outputs from this management. However, the
authors of one paper felt, like others, that water will be a
key land stewardship issue in the 21* century. Further-
more, these authors believe that water will be a unifying
theme drawing integrated watershed management ele-
ments together. However, new, effective policies that
incorporate ecological understanding into their structure
and promote democratic ideals will be necessary. Authors
of the concluding synthesis paper identified guidelines to
achieve this end. Guidelines included immediate integra-
tion of the political process, building bridges to citizens,
reexamining laws, rights, and responsibilities, strength-
ening administrative capacity, and looking beyond the
watershed to a broader scale.

Contributed Poster Papers

Fifty contributed poster papers supplemented and ex-
panded on the synthesis papers. These poster papers
reported on the results of watershed-related research
projects, applied watershed management activities, and
innovative technology transfer mechanisms for water-
shed-based information.

Watershed-Related Research Projects

Poster papers on watershed-related research projects
included studies of vegetation relationships, the role of
dendrochronology in natural resources management, ero-
sion and sedimentation processes, riparian ecosystems
and wetlands, fire effects on ecosystem processes, simula-
tion techniques, and mathematical modeling. A poster paper
on a research-support program for enhancing ecosystem
management along the United States-Mexico border was
also presented. A paper on the International Arid Lands
Consortium, a partnership of organizations dedicated to
research, education, and training activities relative to the
development, management, and restoration of arid and
semi-arid lands throughout the world, and programs the
consortium has supported in water and watershed man-
agement was included in this group of poster papers.

Applied Watershed Management Activities

Applied watershed management activities were illus-
trated by poster papers on implementing watershed man-
agement practices to meet specified goals, the role of
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agroforestry interventions on watershed lands, erosion
and sedimentation control, restoration of riparian ecosys-
tems and wetlands, impacts of fire on the management of
watershed resources, and a variety of operational water-
shed management programs in the United States and
internationally. Included in these poster papers were ex-
amples of management programs and monitoring activi-
ties on a regional government’s approach to natural re-
sources management planning, challenges of coastal man-
agement in Baja California, and applications of remotely-
controlled vehicles in Taiwan to monitor changes in wa-
tershed land-use. Other international programs on water
and watershed management were also presented.

Technology Transfer Mechanisms

Applications of geographic information systems and
the use of the World Wide Web in making watershed-
related information more accessible to practitioners were
the focus of a series of poster papers on technology trans-
fer mechanisms. Demonstrations on accessing watershed
management information from the World Wide Web were
presented to conference participants, who were encour-
aged to interact with the systems illustrated.

Watershed management’sneed tohaveacentral “voice”
to gain the attention of political, agency, university, and
business leaders was addressed in a poster paper about
increasing the visibility of watershed management as a
land management profession. As part of this presentation,
a questionnaire was available to conference participants,
soliciting their thoughts on the need to heighten the vis-
ibility of watershed management as a land stewardship
discipline.

Conference Contributions

The conference provided a torum for researchers, re-
source specialists, managers and practitioners, decision
makers, and other interested people to share their experi-
ences, opinions, and knowledge about the contributions
that watershed management can make to improve land
stewardship in the 21* century. The conference presenters
updated the state-of-knowledge on a wide range of water-
shed management and practices topics in the United
States and internationally. This conference and the pub-
lished proceedings represent a beginning for planning
and implementing watershed management practices,
projects, and programs leading to improved land stew-
ardship in the 21* century.



Brooks, K. N., H. M. Gregersen, P. F. Ffolliott, and K. G.
- i Tewani. 1992. Watershed management: A key to sus-
Literature Cited tainability. In: Sharma, N. P,, Editor. Managing the
world’s forests: Looking for balance between conserva-
BI’OOkS, K. N., P. F. FfOHiOtt, H. M. Gregerson, and L. F. tionand dEVEIOPITIEﬂt. KendaII/Hunt Publishing Com-

DeBano. 1997. Hydrology and the management of wa- pany, Dubuque, lowa, pp. 455-487.

tersheds. Iowa State University Press, Ames, lowa.
Brooks, K. N., P. F. Ffolliott, H. M. Gregersen, and K. W.

Easter. 1994. Policies for sustainable development: The

role of watershed management. EPAT Policy Brief 6,

Washington, D.C.

USDA Forest Service Proceedings RMRS-P-13. 2000



Contributions of the College of Agriculture,
University of Arizona, to Education, Research, and Technology
Transfer in Watershed Management

Eugene G. Sander’

Abstract.—The College of Agriculture, University of Arizona, has been
heavily involved in providing research, education, and outreach con-
cerning the management of watersheds. The Barr Report of 1956, a
cooperative effort of the Salt River Project, the State Land Department
and the University of Arizona, was a significant beginning that ad-
dressed the productivity of watersheds in the state and a plan of action
to enhance water flows. Out of this initial effort came the formation of
the Arizona Watershed Program, a state program thatbegan to focuson
watershed management activities in Arizona. Realizing the need for the
university’s involvement in the Arizona Watershed Program, the Ari-
zona Board of Regents established the Department of Watershed Man-
agementatthe University of Arizona, and a forestry program at Arizona
State College (now Northern Arizona University) in 1958. The Depart-
ment of Watershed Management became part of the School of Renew-
able Natural Resources in 1974, and now offers BS, MS and PhD degree
programs in watershed management that are internationally recog-
nized.

Introduction

The College of Agriculture, University of Arizona, has
a long history of contributions to education, research, and
technology transfer in watershed management. These
contributions started with providing a leadership role in
the preparation of the report that lead to formulation of
the Arizona Watershed Program in the early 1960s and
continue to the present by providing a diversity of educa-
tional opportunities, supporting needed research investi-
gations, and fostering the transfer of watershed-related
information. Much of this history is interwoven with the
history of the Arizona Watershed Program and Arizona
Water Resources Committee, a citizens group that was
instrumental in moving the Arizona Watershed Program
to fruition, presented in the publication that was included
with the registration materials for this conference. I would
like to extract and expand upon a few of the more notable
contributions of the College of Agriculture, University of
Arizona, reported upon in this publication, starting with
the Barr Report of 40 years ago.

! Vice Provost and Dean, College of Agriculture, University of
Anzona, Tucson, AZ
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Barr Report

A milestone study on the conditions of watershed lands
in northern Arizona in the middle 1950s culminated in
what became known as the Barr Report. This report was
prepared in response to a call by the people of Arizona to
explore potential productivities of these watersheds and
outline a plan of action to improve on these conditions
where necessary. The Salt River Project, responsible for
storing and delivering water and producing and supply-
ing hydropower to the people of central Arizona, financed
the study; the Arizona State Land Department furnished
much of support personnel and logistics; and the Univer-
sity of Arizona provided scientific leadership with Dr.
George W.Barr, an agricultural economist and the founder
of the University of Arizona’s Department of Agricultural
Economics. With the assistance of Bob Humphrey, arange
management specialist in the College of Agriculture, other
members of the University’s faculty, and a group of water-
shed management experts within and outside of the re-
gion, Barr and his team began their study in the winter of
1955-56.

The products of this effort, a massive document (Vol-
ume II) and a shorter summary (Volume I), both going
under the title of “Recovering Rainfall — More Water for
Irrigation,” confirmed that the “condition” of Arizona’s
watersheds could possibly beimproved by more intensive
management practices (Barr 1956a, 1956b). These two
volumes, made public in the fall of 1956, represented the
first formal announcement of what was to become known
as the Arizona Watershed Program.

On October 26, 1956, in an address at the Westward Ho
Hotel in Phoenix, George Barr stated “The day has passed
when water can be considered a mere by-product of a
watershed devoted chiefly to timber and forage. Water
production is now the most important use of the land....”

In their report, Barr and his team recommended that an
extensive, well-coordinated action program be initiated
as quickly as possible to explore the possibilities of in-
creasing the flow of water from these watersheds into
downstream reservoirs. The team believed that the time
had passed when water could be considered only a un-



changeable and inexhaustible by-product of watershed
lands devoted chiefly to growth of timber and livestock
forage. They suggested that the proposed action program
be initiated in areas where the greatest increase in water
might be economically obtained, and where results of
water-yield improvement treatments and costs of these
treatments could be adequately evaluated. The team con-
cluded that watershed research closely linked to the ac-
tion program should lead the way to improved methods
of achieving this goal — thus, the beginning of the Arizona
Watershed Program.

Arizona Watershed Program

The Arizona Watershed Program was a joint initiative
of the State Land Department, the Arizona Water Re-
sources Committee (a citizens group formed to obtain
public support for the Arizona Watershed Program), the
USDA Forest Service (the major land management agency
in Arizona), the University of Arizona, and other coopera-
tors. The purpose of the program was to obtain and then
extrapolate needed research findings on water-yield im-
provement potentials to operational-scale watershed man-
agement practices designed to increase water yields by
manipulating vegetative cover.

Other aspects of the Arizona Watershed Program in-
cluded determining the costs of water-yield improvement
treatments; encouraging the development of improved
methods and techniques for multiple use management
practices on the state’s watersheds; measuring both posi-
tive and negative effects of planned vegetative manipula-
tions on all natural resources; making economic and social
evaluations of these practices in assessing the feasibility of
operational applications; and supporting watershed man-
agementresearch. The Arizona Watershed Program, there-
fore, became a focus of watershed management activities
in Arizona from its inception in the early 1960s.

Arizona Board of Regents Actions

Eager to have the state’s institutions of higher educa-
tion become an active player in the Arizona Watershed
Program, the Arizona Board of Regents took two actions
in 1958 to involve these institutions in the program. Estab-
lishment of a Department of Watershed Management at
the University of Arizona, Tucson, and a forestry program
at Arizona State College, later to become Northern Ari-
zona University, Flagstaff, were approved.

Department of Watershed Management

The Board of Regents accepted a gift of $120,549 from
the Charles Lathrop Pack Foundation for the study of
watershed management and authorized the University of
Arizona, the state’s land grant institution, to establish a
Department of Watershed Management in the College of
Agriculture. This gift helped the College tie into other
proposed work in aridlands research that was contem-
plated through an earlier grant of $201,800 from the
Rockefeller Foundation.

This action by the Board of Regents confirmed program
authority in watershed management to the University of
Arizona, with options in forest-watershed management
and watershed hydrology. An existing program in Range
Management, taught in the College of Agriculture since
the 1920s, was also incorporated into the instructional and
research structure of the Department of Watershed Man-
agement. When the new department was formed in 1958,
the USDA Plant Materials Center was affiliated with the
department under a grant from the U.S. Soil Conservation
Service (SCS). This continued until 1962 when the Center
reverted to the SCS.

The Department of Watershed Management was cre-
ated largely in response to the growing public interest in
managing vegetation of all types on the state’s watersheds
to increase water yields. The University of Arizona was
directed, from the date of approval for establishing the
Department of Watershed Management, to conduct in-
structional programs and supporting research in forestry
and forestry-related subjects, and range management and
other renewable natural resources fields. The University
was also directed to develop the necessary information
and professional capabilities for managing watersheds. In
1973, the Water Hydrology Unit of the Department of
Watershed Management held the first symposium ever
given on the topic of surface-mining reclamation in the
West. This stimulated the funding of a number of major
projects in the West by several federal agencies and the
coal and copper mining industries.

School of Renewable Natural Resources

Organization of the Department of Watershed Man-
agement into a broader School of Renewable Natural
Resources at the University of Arizona was approved by
the Board of Regents in 1974. The purpose of the School of
Renewable Natural Resources was, and continues to be,
the integration of teaching and research programs prima-
rily related to land management and to land use products.
Changes brought about by the creation of the School of
Renewable Natural Resources also broughttogether closely
allied academic and public service interests. It was antici-
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pated that this interdisciplinary approach to the problems
of land management should be more productive with this
new arrangement.

Instructional programs in the newly formed School of
Renewable Natural Resources were expanded from those
programs available in the Department of Watershed Man-
agement to include wildlife ecology, fisheries manage-
ment, natural resources recreation, and landscape archi-
tecture, which has since moved to the College of Architec-
ture. The Board of Regents authorized the School of Re-
newable Natural Resources to offer interdisciplinary de-
gree programs in a Renewable Natural Resources Studies
program in 1984. This academic orientation and emphasis
remains the basic framework of the School of Renewable
Natural Resources to the present time.

Water Resources Research
Center

Another important component to the state’s water-
shed-related research program is the Water Resources
Research Center (WRRC). Currently housed in the De-
partment of Soil, Water and Environmental Science De-
partment of the College of Arizona, the Water Resources
Research Center was established in 1964, as authorized by
the federal Water Resources Research Act of 1964, to
facilitate research at all three Arizona universities on
water-related problems of critical importance to the state
and region. The foundation for the WRRC was provided
earlier by the establishment of the Institute of Water
Utilization in the College of Agriculture in 1953. The
Water Resources Research Center administers the federal
grant program authorized by the Water Resources Re-
search Act of 1964. Related missions include the commu-
nication of water-related research needs from researcher
users to researchers, and to report research findings to
potential users of that information. The Water Resources
Research Center also works with public and private orga-
nizations and individuals, and provides information and
services through a publications program including two
newsletters, conferences and symposia, and through out-
reach.

Thorud-Ffolliott Report

Representatives of the Arizona Water Resources Com-
mittee approached the (then) Department of Watershed
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Management in 1973 to discuss a project of vital impor-
tance to the Committee. About 15 years had passed since
George Barr had completed the historic report that had
made his name a byword in the annals of the Arizona
Watershed Program. Since that time, millions of dollars
had been spent on watershed education and research in
the state. Thousands of hours had gone into the collection
of extensive, and often unique, data sets depicting hydro-
logic conditions throughout Arizona. The Committee felt
that it was time to assemble, collate, refine, and analyze all
the information obtained by watershed researchers over
the decade-and-a-half that the Committee and the Ari-
zona Watershed Program had beeninbusiness, and present
this collated information and its interpretation to the
public. The Department of Watershed Management was
asked to do the job. Thus, what became known as the
Thorud-Ffolliott Report, more formally titled, “Vegeta-
tion Modification for Increased Water Yields in Arizona,”
was initiated.

It took Thorud, Ffolliott, and their collaborators about
18 months to prepare the report, a massive document
exceeding 1,000 pages (Ffolliott and Thorud 1975). A
shorter version of the report, published by the Arizona
Agricultural Experiment Station, College of Agriculture,
had been made available to the public earlier (Ffolliott and
Thorud 1974). The report contained a detailed summary
of the status-of-knowledge obtained from the Arizona
Watershed Program to that time and a statement of a
“theoretical maximum” water-yield improvement poten-
tial that might be obtained through implementation of
hypothetical vegetation management practices. This lat-
ter statement became part of the Thorud-Ffolliott Report
at the request of the Arizona Water Resources Committee,
who felt such an estimate might be helpful in placing the
water-yield improvement potentials of the state’s water-
sheds into perspective.

Arizona Water Resources
Committee

The College of Agriculture remains proud of its close,
long-standing relationships with the Arizona Water Re-
sources Committee throughout the existence of the latter.
These mutually beneficial collaborations helped the Com-
mittee to establish working relationships with important
interest groups and governmental entities in the state,
region, and nation. These relationships afforded the Com-
mittee opportunities to broaden its political base and
secure endorsements from decision-making influential
individuals in the community.



College of Agriculture faculty members also assumed
responsible roles with the Committee. The Director of the
School of Renewable Natural Resources served as an
Associate Member of the Committee throughout the 1970s,
participating in the Committee’s regularly scheduled
monthly meetings. Other faculty members were also fre-
quent guests of the Committee at these meetings, where
they presented invited inputs to the Committee’s agenda.
The Director of the Office of Arid Lands Studies, College
of Agriculture, was Vice President at the time that the
Committee voluntarily terminated its existence in 1992.

Several Committee members held public office at one
time or another. All of its members were civic and profes-
sional leaders in the state. Several members received
national, state, professional, or academic honors and
awards. One noteworthy award was the presentation of
an honorary degree of Doctor of Science to Kel Fox, a
founding leader of both the Arizona Watershed Program
and the Arizona Water Resources Committee, by the
University of Arizona. Fox, whose contributions to the
Arizona Watershed Program are well chronicled (Ffolliott
et al. 1998), was nominated for this honor by the School of
Renewable Natural Resources, formerly the Department
of Watershed Management which, in 1958, he and the
Committee were instrumental in forming.

In presenting this honorary degree at the University of
Arizona’s commencement ceremony on May 19, 1973,
Harold Myers, the (then) Dean of the College of Agricul-
ture, remarked that Fox had “rendered outstanding ser-
vice to the people of Arizona in advancing research,
policies, and practices for the wise use and conservation of
the state’s natural resources.” Furthermore, as a law-
maker, Fox helped pass legislation that promoted soil and
water conservation and improved the management of
Arizona’s wildlife resources.

Continuing Involvement in
Watershed Management

Nearly 40 years have passed since George Barr and his
team of experts recommended the testing and implemen-
tation of improved methods and techniques for multiple-
use management practices on Arizona’s watershed lands.
One result of this action has been to provide today’s
managers with a better, more holistic, and perhaps more
realistic basis for management of the state’s water and
other watershed-based natural resources. In this regard,
the School of Renewable Natural Resources and other
faculties in the College of Agriculture continue to play an
active, often catalytic role in offering and fostering water-

shed-related educational, research, and technology trans-
fer programs to the benefit of people in Arizona and
elsewhere.

Educational Programs

The School of Renewable Natural Resources continues
to offer educational programs in watershed management
and, more generally, integrated natural resources man-
agement. These programs have gained regional, national,
and international recognition through the years (Tejwani
1985, Ffolliott et al. 1990). Degree programs are available
at the BS, MS, and PhD levels in the School of Renewable
Natural Resources.

The BS program curricula present basic knowledge of
principles and techniques for a wide range of watershed-
related subjects. BS programs also outline approaches to
integrating these “building blocks” into technically-sound
packages for practical applications of watershed manage-
ment. MS programs present, in greater depth, available
knowledge of principles, methodologies, and techniques
in a watershed management field of interest. Addition-
ally, students acquire conceptual and technical skills to
develop new technologies in watershed management.
PhD programs, consisting largely of research orientations,
aim at finding solutions to fundamental problems. Basic
knowledge that permits development of “path-breaking”
techniques in watershed management is also expanded
through these programs.

The School of Renewable Natural Resources, together
with other faculties in the College of Agriculture and
faculties from other universities, has also offered short-
term technical training courses focusing on watershed
management to targeted professionals regionally, nation-
ally, and globally. These training courses are structured
more toward imparting technical knowledge and “here’s
how” information. A body of proven and locally adapted
methods and techniques for integrated land management
systems involving hydrology, forestry and rangeland man-
agement, and agriculture is presented in these courses.

The capability of the School of Renewable Natural
Resources to offer a breadth of training and education in
watershed-related areas was very much enhanced during
the period from 1969 to 1976, when the Department of
Watershed Management, and then the School, received an
annual 211d institutional grant from the U.S. Agency for
International Development to strengthen university wa-
tershed management competency.

Such institutional building provided the underpinning
for a six-week technical training course that the School of
Renewable Natural Resources conducted for nearly 15
years that was titled “Resource Development of Water-
shed Lands,” offered in cooperation with the Office of
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International Cooperation and Development, U.S. De-
partment of Agriculture to mid- and upper-level profes-
sionals from largely developing countries throughout the
world. A theme of this course was “training of trainers,”
a concept that resulted in a cadre of nearly 300 profession-
als who subsequently trained people in watershed man-
agement in home-country settings.

Shorter, largely ad hoc training courses on a variety of
watershed-related topics have also been, and continue to
be, offered by faculty of the School of Renewable Natural
Resources to professionals in the United States and inter-
nationally, with the assistance of faculties in the College of
Agriculture and other universities in many instances.
Titles of these training courses, structured largely to meet
in-country needs include “Watershed Management and
Environmental Monitoring,” “Integrated Watershed Man-
agement,” “Watershed Instrumentation and Measure-
ments,” and “Forest Hydrology Modeling.” In addition to
offerings on campus, venues for the courses have in-
cluded the Philippines, Thailand, Indonesia, India, China,
Mexico, Honduras, Panama, Zimbabwe, Jordan, and Is-
rael. Among collaborating sponsors have been the U.S.
Agency for International Development, CARE Interna-
tional, the Farmer-to-Farmer Program, Partners of the
Americans, and other non-governmental agencies;
UNESCO’s Man and the Biosphere Program, the Food
and Agriculture Organization (FAO) of the United Na-
tions, the United Nations Development Programme, and
the World and Asian Develop Bank; and numerous re-
gional and national governmental agencies in this country
and abroad. These training courses are often offered for
continuing-education credit from in-country educational
institutions.

Research Programs

One of the more valuable outcomes of the watershed
research programs in the state has been the opportunities
for long-term monitoring and continuing evaluations of
the resulting databases describing vegetative manipula-
tions on watershed lands. A more responsive, more holis-
tic management-framework for conservation and the sus-
tainable use of natural resources on the state’s watersheds
has often evolved from these evaluations. These databases
are unique in their “multi-resource character” by describ-
ing the dynamics of the diverse ecosystems studied. Infor-
mation of this kind has, and continues to, become increas-
ingly important in attaining a better understanding of
how ecosystems on the state’s watersheds function through
time — information that today is at a “high premium” in
planning to accommodate people’s demands for better
long-term ecosystem management.
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Many of the databases are available today for addi-
tional analyses because of efforts made by researchers to
protect the original maps and aerial photos, inventory
sheets, and file copies of summaries. Faculty and students
in the School of Renewable Natural Resources have helped
to computerize many of these databases, making them
easier to store, retrieve, and analyze as a basis for future
studies of hydrologic processes and land management on
watershed lands.

Research sites comprising the framework for the Ari-
zona Watershed Program continue to be “outdoor labora-
tories” for faculty and students in the School of Renewable
Natural Resources and elsewhere in the College of Agri-
culture to further investigate how land management prac-
tices impact forage, wildlife, water, and wood resources,
and amenity values such as the scenic beauty of the state’s
landscapes. As the mixture of these benefits and values
changes through time, the emphasis placed on the newly
formulated studies can also change.

The College of Agriculture has recently added the V Bar
V Ranch, located in north-central Arizona within the
Beaver Creek watershed drainage, to the list of outdoor
laboratories for education, research, and extension activi-
ties. Studies focusing on water and range restoration,
riparian ecology, soil-vegetation relationships, livestock
grazing practices, and wildlife habitat improvement are
found on the V Bar V Ranch, a working ranch typical of
those operating in north-central Arizona. The USDA For-
est Service is responsible for managing the land, while
users in the private sector share the responsibility for
keeping the land healthy.

Technology Transfer Activities

One of the more lasting contributions of the Arizona
Watershed Program is the large number of technical pub-
lications that resulted from the research efforts and fol-
lowing action programs; many of these publications have
been authored or jointly authored by faculty and students
in the College of Agriculture. An annotated bibliography
of research on the Beaver Creek watersheds, compiled by
a USDA Forest Service researcher and a member of the
School of Renewable Natural Resources faculty, repre-
sents one example of the lasting value of the Arizona
Watershed Program (Baker and Ffolliott 1998). This bibli-
ography, consisting of nearly 670 citations of publications
processed between 1956 and 1996, furnishes a valuable
informational-base for the formulation of future research
projects by faculty and students in the School of Renew-
able Natural Resources, College of Agriculture, and else-
where.



Another major technology transfer effort was initiated
by the College of Agriculture and USDA Forest Service in
1997 to deliver information generated by the Arizona
Watershed Program, and more specifically the Beaver
Creek Project, to a broader audience than previously
possible (Young and Baker 1998). One phase of this project
consists of bringing this information to the public through
the World Wide Web. A Web site entitled the “Sustainable
Management of Semi-Arid Watersheds” features the Bea-
ver Creek references included in the recently compiled
bibliography as real-life examples of what works and
what does not work. The home page, titled “Watershed
Management in the Southwest,” includes topics on water-
shed management practices; order forms to obtain techni-
cal references on watershed management practices; and
an interactive learning package on watershed manage-
ment practices. Other technology transfer mechanisms
with ties to the Web site are also available. A telephone
system provides students, teachers, and others with re-
corded two-minute messages on sustainable management
practices for watershed lands in arid and semi-arid envi-
ronments. Field days to watershed sites are also scheduled
to introduce the general public, including students and
teachers, to forest management, wildlife habitat manage-
ment, rangeland management and monitoring, and wa-
tershed condition and function, and to initiate future
educational workshops.

This three-pronged technology transfer project pro-
vides a unique opportunity to combine the strengths of
three units — the University of Arizona Cooperative
Extension with its commitment to information dissemina-
tion and training; the USDA Forest Service as a major
repository of watershed management information; and
the University of Arizona Arid Lands Information Center
for the necessary Web site management and expertise.

A Final Comment

Water is the lifeblood of Arizona. The appropriate
management of watersheds is imperative to our future for
water management and for important ecological and en-
vironmental concerns that contribute to the quality of life
in our state. The University of Arizona, as the state’s land-
grant university, has been heavily involved in watershed
management via its School of Renewable Natural Re-
sources. The school’s tripartite mission of education, re-
search, and outreach has served the state well in the past.
We look forward to continuing to better understand and
manage Arizona’s watershed in the future.
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Global Perspective of Watershed Management

Kenneth N. Brooks ! and Karlyn Eckman 2

Abstract.—This paper discusses the role of watershed management in
moving towards sustainable natural resource and agricultural develop-
ment. Examples from 30 field projects and six training projects involv-
ing over 25 countries are presented to illustrate watershed management
initiatives that have been implemented over the last half of the 20"
century. The level of success has varied from project to project. Means
of achieving greater success are discussed, including the need for
institutionalizing watershed management, that take into account the
workings of people, governmental agencies and organizations, and
their use of resources at local and national levels.

Introduction

Watersheds have been viewed as useful systems for
planning and implementing natural resource and agricul-
tural development for many centuries. Recognition of the
importance of watersheds can be traced back to some of
the earliest civilizations; ancient Chinese proverbs state
that “Whoever rulesthe mountainalsorulestheriver,”and
“Green mountains yield clean and steady water.” The
Polynesians who settled Hawaii organized their economic
and political systems on the basis of watersheds, realizing
that their livelihood depended on the sound management
of land and water together, from the ridge tops to the
lowlands and the productive coral reefs that received
runoff from the land (Morgan 1986).

Expanding human populations and their increasing
demands for natural resources have led to exploitation
and degradation of land and water resources. Revenga et
al. (1998), in an assessment of 145 watersheds globally,
emphasized thatexpanding human demands for resources
have intensified watershed degradation, with the result
that some of the watersheds with the greatest biological
production are becoming the most seriously degraded.
Development projects and programs by all types of orga-
nizations (national governments, multinational and bilat-
eral agencies, nongovernmental organizations (NGOs),
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2 Adjunct Professor, Department of Forest Resources, Univer-
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etc.) have proliferated in response to these problems.
Previous reviews of watershed projects throughout the
world, indicate that inadequate diffusion of technology
and an absence of continuity of project benefits have
hindered many countries from achieving sustainable de-
velopment (Brooks et al. 1992). If watershed management
is deemed an essential underpinning of sustainable natu-
ral resource and agricultural development, then what
needs to be accomplished so that we can move from short-
term projects to sustainable programs? To address this
guestion, we will highlight selected countries and projects,
examining the successes and failures, and look ahead at
the key issues in the coming century.

The Issues

Current and expanding scarcities of land and water
resources, and the human response to these scarcities,
threaten sustainable development and represent para-
mountenvironmental issues for the 215 century (Rosegrant
1997; Scherr and Yadav 1996; Rosegrant and Meinzen-
Dick 1996). An added concern is developing means of
coping with the extremes and uncertainty of weather
patterns, such as the 1997- 1998 El Nino effect that resulted
in severe droughts in some parts of the world and record
flooding elsewhere. We suggest that watershed manage-
ment provides both a framework and a pragmatic ap-
proach for applying technologies to cope with these is-
sues, which are discussed below.

Water scarcity has beenwidely called the top global issue
of concern in the coming century in developed and devel-
oping countries alike (Kundzewicz 1997; Meinzen-Dick
and Rosegrant 1997; Rosegrant 1997; Rosegrant and
Meinzen-Dick 1996). By 2025, it is estimated that between
46 and 52 countries, with an aggregate population of
about 3 billion people, will suffer from water scarcity.
Coping with water scarcity is compounded by soil degra-
dation, groundwater depletion, water pollution, and the
high costs of developing new water supplies or transfer-
ring water from water rich to water poor areas (Rosegrant
1997). Through watershed management we can recognize
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both the opportunities and limitations of water yield
enhancementthrough vegetative and structural measures.

Floods, landslides and torrents result in billions of
dollars being spent each year globally for flood preven-
tion, flood forecasting, and hillslope stabilization. Yet the
cost of lives and property damage due to floods, land-
slides and debris flows are staggering. The impacts of
these naturally occurring phenomena are exacerbated by
human encroachment on flood plains and other hazard-
ous areas, which is often the result of land scarcity dis-
cussed below. In many parts of the world there has been
an over reliance on structural solutions (dams, levees,
channel structures, etc.) inriver basins, along flood plains,
and in areas susceptible to debris torrents, all of which
impart a false sense of security to those living in hazard-
ous areas. In addition, the replacement of natural wet-
lands, riparian systems, and flood plains with urban and
agricultural systems can cumulatively add to downstream
problems, a point emphasized in post flood assessments
of the 1993 Mississippi River flood by Leopold (1994). A
watershed perspective brings these cumulative effects
and linkages into focus, but the ability to develop solu-
tions requires that we have the appropriate policy and
institutional support.

Point and nonpoint water pollution continue to plague
many parts of the world, threatening the health of hu-
mans, compounding water scarcity issues noted above,
and adversely impacting aquatic ecosystems, with subse-
guentimplications for fish and wildlife. Best Management
Practices (BMPs) and related technologies of watershed
management have the advantage of stopping non point
pollution at its source.

Scarcity of land and natural resources results from a
shrinking arable land base due to expanding populations
of humans and livestock. Land degradation resulting
from cultivation, grazing, and deforestation of marginally
productive lands compounds the effects of land scarcity.
These are often steep areas with shallow soils that experi-
enceaccelerated surfaceand gully erosion, soil mass move-
ment, and increased sediment and storm flow damage to
downstream communities. In the tropics, it is estimated
that about 0.5 ha of farmland is needed to feed one person
(Pimental et al. 1995). Lal (1997) indicates that by the year
2025, 45 countries in the tropics will have less than 0.1 ha
of arable land per capita. Globally, of the 8.7 billion ha of
agricultural land, forest, woodland and rangelands, over
22% has been degraded since mid-century, with 3.5%
being severely degraded (Scherr and Yadav 1996). Defor-
estation continues to gain worldwide attention with most
of the concern expressed in terms of lost biodiversity; of
equal importance are the implications of deforestation on
watershed functions.
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Watershed management efforts have been directed
towards one or more of these issues in countries around
the world, as illustrated with the following examples.

Watershed Management Projects:
Some Examples

Projects aimed at soil and water conservation and wa-
tershed rehabilitation date back to the colonial period,
particularly in the former British colonies. After indepen-
dence, large-scale afforestation, hydropower, and other
water resource projects were enthusiastically promoted
by government leaders in an effort to demonstrate rapid
progress toward development. In the 1960s — 1980s,
watershed management in many developing countries
focused on restoring land and water systems that had
become degraded and protecting earlier water resource
development investments. Much work was accomplished
under the umbrella of soil and water conservation with-
out the spatial and temporal view of watershed manage-
ment. Unfortunately, such projects tended to be narrowly
focused and sometimes were considered to be quick fix
solutions, but in fact, they often dealt with the symptoms
(e.g., soil erosion) and not the causes (human demands for
food, fuel wood, etc.) of the problem. In recent years,
interdisciplinary and participatory methods have been
promoted in watershed management as a more sustain-
able approach to overcome these problems.

After a half century of implementation, what can we
learn from past experience? Has there been any transition
from technically oriented, operational projects (e.g., ero-
sion control) to sustainable watershed management? To
what degree are communities involved in identifying
problems and proposing solutions? What can be learned
from our past successes and failures?

Projects on Watersheds

Thirty operational watershed management projects in
20 countries were reviewed, spanning the period from
1967 to 1999 (table 1). Although some of these involved
training, six international training projects were reviewed
separately (table 2). In selecting projects, we included
those described in terms such as integrated rural develop-
ment, soil and water conservation, and upland conservation,
because they often have a major focus on watershed
management. Any such review must be aware of the
changing terminology that is prevalent in the interna-
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Table 1. List of projects reviewed.

Number Project Title Countries Involved Reference
1 Interregional Project for Participatory Upland Conservation Bolivia, Nepal, Tunisia Urquizo 1999;
and Development fe D’Ostiani 1999
2 Watershed program in Andhra Pradesh India Turton et al 1998
3 Watershed program in Orissa India Turton et al 1998
4 Watershed program in Madhya Pradesh India Turton et al 1998
5 Integrated Rural Environmental Program Java Indonesia McCauley in
Easter et al 1991
6 Peum Perhutani Project Java Indonesia McCauley in
Easter et al 1991
7 Watershed Management Through People’s Participation Java Indonesia McCauley in
and Income Generation Easter et al 1991
Yallah's Valley Land Authority Programme Jamaica Edwards 1995
Farm Development Scheme Jamaica Edwards 1995
10 Integrated Rural Development Project Jamaica Edwards 1995
11 Hillside Agricultural Programme Jamaica Edwards 1995
12 Agroforestry Development in NE Jamaica Jamaica Eckman 1997
13 Agricultural Production and Support Systems for Grenada Eckman 1998
Achieving Food Security
14 Maissade Integrated Watershed Management Project Haiti White and Quinn 1992;
White July 1992;
White October 1992;
White November 1994
15 Pilot Project in Watershed Management on the Israel UNDP/FAO 1967
Nahal Shikma
16 Mae Se Integrated Watershed and Forest Use Project Thailand FAO/UNDP 1982
17 Salto Grande Hydroelectric Project Argentina and Uruguay IADB? (unpublished)
18 Abary Water Control Project Guyana IADB (unpublished)
19 Cauca River Regulation Project Colombia IADB (unpublished)
20 La Fortuna Hydroelectric Project Panama IADB (unpublished)
21 Pueblo-Viejo-Quixal Hydroelectric Project Guatemala IADB (unpublished)
22 Tavera-Bao-Lopez Multipurpose Hydro Project Dominican Republic IADB (unpublished)
23 Kandi Watershed and Area Development Project Punjab India Gupta 1988
24 Integrated Watershed Development Project Himachal Pradesh India Development
Alternatives 1989
25 Loess Plateau Watershed Rehabilitation Project China World Bank 1994
26 Integrated Rural Development Through Communes Rwanda Eckman 1987
27 Women’s Development in Sustainable Watershed Myanmar van Leeuwen 1995
Management
28 Sustainable Agriculture Development and Environmental Myanmar Eckman 1995
Rehabilitation in the Dry Zone
29 Watershed Management for Three Critical Areas Myanmar UNDP 1994
30 Konto River Watershed Project Phase Il Indonesia de Graaff 1987;

DVH Consultants 1990

1 InterAmerican Development Bank

USDA Forest Service Proceedings RMRS-P-13. 2000

13



tional development arena. The projects range from those
that are relatively small, with low budgets implemented
by nongovernmental organizations (NGOs), to those with
alarge regional focus implemented by international agen-
cies with budgets in excess of US $250 million.
Acomprehensive and detailed case study analysis of all
of these projects is beyond the scope of this study. Our
approach was more of a synthesis of various projects and
project components to help understand key factors that
contribute to success and those that present barriers in the
transition towards sustainable use of land, water and
other natural resources. In reviewing project documents,
we attempted to identify factors that contribute to positive
and sustainable impacts. We also looked for elements that
seem to foster undesirable and unsustainable project out-
comes. Published literature, unpublished official agency
reports, reports from evaluation missions and consultant
visits, baseline survey reports, feasibility studies, and

other fugitive materials were reviewed. We should note
that for some of these projects we had access to limited,
unpublished reports from various agencies; complete
documentation of many such projects reside in agency
files and were not available for scrutiny.

Training in Watershed Management

Six international watershed management training
projects (table 2) that have been undertaken in the past few
decades were examined, representing a small sample of
projects that were specifically targeted for training and
education. Some of the projects listed in table 1 also
contained training components, but their focus was more
field implementation.

To paraphrase an old saying, “give a man a fish and he
eats for a day, teach him to fish and he eats forever,

Table 2. Examples of international training and educational programs in watershed management.

Project title

and sponsor Country

Training components
and outcomes

Duration
and reference

ASEAN Watershed Project /
US Agency for International
Development

Regional: Indonesia,
Malaysia, Philippines,
Singapore, Thailand, Brunei

FAO/Finland Training Course
in Forestry and Watershed
Management

Regional: Asia-Pacific Region
(Nepal), and Southern
Africa Region (Lesotho)

Eastern Anatolia Watershed
Rehabilitation Project
(World Bank)

Turkey

Water and Soil Conservation
and Environmental Protection;
Upper and Middle Reaches
of the Changjiang River Basin
(Asian Development Bank)

People’s Republic of China

Resource Development of
Watershed Lands;

(OICD - USDA and University
of Arizona)

Global (participants from
27 countries)

Watershed Resources
Management and
Environmental Monitoring in
Humid Tropical Ecosystems
(UNESCO - MAB)

Regional Training held in
Honduras, Panama, the
Philippines, and Thailand

Symposia, seminars, work-
shops, short courses, study
tours, manuals, networking
(465 participants)

1983-1990 (Cortes and
Saplaco, 1984)

Training courses with field
trips:43 participants from
18 countries

1985-1986 (Food and
Agricultural Organization 1985,
1986)

Extension training; short term
study tours and long term
(3 month) training

1993-1998 (Ministry of Forestry,
1997)

Seminars for 67 provincial
and county leaders; training
course for 32 middle
managers/technicians
Training manuals in English
and Chinese

1995-1996 (Brooks et al. 1995)

Six-week training courses
with field trips; over 350
mid-level managers trained

1978-1991 (personal commun.,
P.F. Ffolliott, 1999)

Five 2-week training courses;
115 mid-level managers
trained

1979-1982 (personal commun.,
P.F. Ffolliott, 1999)
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underlies the importance of training and educational pro-
grams. Although it is sometimes difficult to evaluate the
success of training, or any educational program, making
people aware of the importance of watershed manage-
ment and its role in meeting production and environmen-
tal goals, cannot be minimized. In many instances, re-
gional training programs have brought people together
with common problems and have facilitated networks
that last long after the formal training ends. As many of
the participants of workshops, seminars and training
courses move into positions of upper management, policy
makers and political leaders, their ability to implement
watershed management becomes enhanced. Such out-
comes of training programs may far outweigh the benefits
of learning a particular technology at some point in time.

Lessons Learned

The outcomes of projects ranged from those with sig-
nificant benefits, to failures that had unwanted environ-
mental and socioeconomic consequences. Examination of
the 30 watershed projects suggests that while there have
been some notable successes, there is considerable need
for changes in planning and implementation strategies to
foster more sustainable outcomes. Because few of the
projects had documented ex post evaluations, we could
not provide a comprehensive analysis of individual
projects, and therefore, have summarized our observa-
tions in an overview context.

Planning Aspects

The reviewed watershed projects were largely planned
in a top-down manner with specific, technically oriented
objectives, such as erosion control, reforestation, and so
forth. Most projects are planned by outside experts on
short-term contracts who have limited responsibility for
implementation, or accountability for long-term outcomes
and consequences.

The importance of participatory planning methods was
emphasized by many, but D’Ostiani (1999) notes that
participatory methods are not ends in themselves, and, if
used alone, are insufficient. The importance of local in-
volvement and inputin the planning process is stressed to
help ensure that the most basic cultural and socioeco-
nomic dimensions, such as land use, are fully considered.
Projects that are more technically oriented tend to focus
more on outputs, whereas projects planned with partici-
patory methods tend to focus on outcomes. A case can be
made that neither technical nor participatory approaches
are sufficient in watershed management. Close collabora-
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tion with local resource users tends to promote more
sustainable outcomes, both environmentally and socio-
economically.

Only five of the projects reviewed (table 1) attempted to
study socioeconomic factors, such as land use, farming
systems or land tenure, prior to project implementation.
In most other cases, socioeconomic studies were con-
ducted after project planning was already completed,
often years after the project was operational, and then
onlywhen problemssurfaced. Three projects were planned
inconsultation with local communitiesinwhich the project
was sited. Several larger-scale projects called upon non-
governmental organizations (NGOs) once project imple-
mentation was well underway, either to diagnose socio-
economic problems associated with the project or to assist
with project management.

Management and Administrative Aspects

Projectmanagementand planning are interrelated with
other factors that affect project success. For example, the
smaller projects in our modest survey seemed to experi-
ence better coordination, integration,communication,and
local participation than the larger, more complex projects.
Smaller, more focused projects seemed to be more suc-
cessful in achieving project objectives. Projects with less
complex institutional and administrative structures had
more flexibility and seemed to have greater success in
monitoring benefits attributed to project measures. Sev-
eral larger projects lacked a mechanism for equitable
sharing of project benefits, and some did not monitor such
benefits.

Subsidies, cash-for-work, and other payments were
components of many of the projects. As incentives, such
measures are intended to facilitate direct project benefits.
In reality, however, whether they contribute to voluntary,
long-term local participation is questionable. Forexample,
maintenance of soil conservation structures, or planting of
trees in degraded areas often cease when subsidies or cash
payments end. Clearly projects should carefully consider
using appropriate incentives thatwill motivate local people
to carry out and sustain those practices needed to achieve
watershed management objectives.

As mentioned earlier, few of the projects reported ex
post evaluations. One explanation, we hypothesize, is an
absence of comprehensive monitoring of costs and ben-
efitsthroughout and beyond the project life. Monitoring is
an essential management tool that allows managers to
track projects and make needed adjustments to achieve
objectives, and furthermore, allows donor agencies to
determine project success. Too often, monitoring is
underutilized and underappreciated (Eckman 1994). One-
third of the projects routinely monitored for technical
environmental data; four projects also monitored socio-
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economic aspects, and one project successfully employed
participatory monitoring techniques. As a result, formal
and informal evaluations of projects were not complete,
nor as comprehensive as they should be to determine
success or failure of project components. Participatory
monitoring and evaluation techniques, with direct in-
volvement of local resource users and other watershed
residents, would have facilitated more effective project
management.

Scale and Topography

Scale and topography appear to be interrelated in influ-
encing project success. As discussed earlier, less ambi-
tious projects in smaller watersheds seem to be more
successful in achieving project objectives than larger more
complex projects. Positive impacts of such projects are
often reported in terms of improved farm incomes, im-
proved fisheries, etc. rather than an emphasis on such
components as number of gully plugs constructed, miles
of roads improved, etc. While this is a tentative finding,
we noted that the very large and administratively com-
plex projects, encompassing humerous watersheds, were
also reporting more complex outputs that were more
difficult to translate into impacts at the local level. We also
observed that projects that focused on mountainous up-
landsand island systems had some unique characteristics.

The hydrologic response of montane watersheds to
land use can be direct and severe to both upland and
downstream inhabitants. On one hand, such areas are
prone to extreme events associated with excessive rainfall
resulting in landslides and debris flows, but on the other
hand, land and water scarcity are also prevalent as well
(Brooks 1998). The capacity of these often fragile lands to
supportgrowing populationsis limited. Yet, upland areas
are commonly seen as the last remaining living areas for
rural poor, resulting in the upland migration of growing
populations of humansand livestock. The resulting differ-
ences in socioeconomic well being between upland and
lowland inhabitants becomes an issue that must be dealt
with in watershed management projects.

Projects in the mountainous areas of Nepal, India and
Myanmar suggest that watershed management projects
require special considerations and planning must incor-
porate practical interdisciplinary approaches. In many
tropical areas that are both island and montane, extreme
meteorological events associated with monsoons exacer-
bates watershed problems. Under these conditions, the
potential cumulative effects are severe, with local commu-
nities experiencing more direct and immediate conse-
guences.

Montane and small island ecosystems with densely
inhabited watersheds pose acute challenges to watershed
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management. The close proximity of uplands to produc-
tive lowlands and estuaries highlight upstream-down-
stream linkages. Island case studies from Grenada, Ja-
maica and Java suggest that natural conditions make
hillsides particularly vulnerable to serious erosion and
runoff problems (Edwards 1995). Given the inherent scar-
city of land and natural resources with dense populations,
small island watersheds seem more prone to conflicts over
land use and resource rights in coping with upstream-
downstream impacts (Eckman 1997; Eckman 1998). Fi-
nancial constraintsto natural resources programsonsmall
islands are also a problem (Lugo and Brown 1985). At-
tempts in Jamaica since the 1950s to introduce effective
engineering structures for soil and water conservation
have not been successful, and none were sustained by
farmersafter termination of four major watershed projects.
It is now widely accepted that such structures are not
feasible for general use in Jamaica, as they are not compat-
ible with farmers’ patterns of resource use and labor
allocation (Edwards 1995).

Tenure Issues

Land and resource tenure and rights of access issues
were noted in about one-fourth of the project documents
reviewed. In most projects, the right of access to land was
of concern in carrying out projects, although in four cases
water tenure was an important issue. Too often land and
natural resource tenure are neglected in project planning.
To achieve sustainable programs in watershed manage-
ment, and ultimately sustainable development, projects
need to fully recognize the tenure arrangements in any
country. To understand these arrangements, appropriate
socioeconomic studies need to be conducted early in project
planning. Specifically, projects should examine pre-exist-
ing land use and tenure, thereby avoiding problems of the
past. For example, in some countries trees and forests are
owned by national governments; projects promoting re-
forestation on watershed, therefore need to understand
how such activities would affect local people and how
such people may respond. Who has rights to water and
what are the methods of resolving conflicts? In some
instances tenure arrangements may be seen as barriers to
achieving projectobjectives, and may require institutional
and policy changes.

Role of Training

The types of training activities in table 2 are far ranging
and represent innovative ways of delivering information
to international audiences. Some of these training projects
had a regional focus, such as the UNESCO-MAB and the
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ASEAN Watershed Project, which utilized a variety of
seminars, workshops, and training courses that were held
in the respective ASEAN countries but also included
study tours to other countries. Similarly, the FAO/Fin-
land training courses held in Nepal (Asia-Pacific focus)
and Lesotho (Southern Africa focus) brought together
mid-level managers and professionals who were facing
common land and water management issues and prob-
lems. In the Lesotho training, there was direct support for
the Southern African Development Community (SADC),
with goals of promoting regional development coopera-
tion between South Africa, Lesotho, Angola, Botswana,
Malawi, Mozambique, Swaziland, Tanzania, Zambia and
Zimbabwe. SADC has formed a regional watershed net-
work, called the SADC Environment and Land Manage-
ment Sector (SADC-ELMS), and publishes a watershed
management newsletter called Splash. SADC-ELMS has
developed ajoint policy and strategy, as well as a sustain-
able development program based upon watershed man-
agement principles. These types of projects built networks
of professionals who continue to collaborate on research,
training and development activities today.

The Eastern Anatolia and the Water and Soil Conserva-
tion and Environmental Protection projects of Turkey and
China, respectively, represent efforts to build national
expertise to deal with a particular region with serious
watershed problems. The Chinese project developed spe-
cific training activities for different groups, including
county and local government officials, and middle and
upper level resource managers. In all cases, training objec-
tives were to improve watershed capabilities and ulti-
mately watershed conditions above the major Three Gorges
Dam project on the Changjiang (Yangtze) River.

The Resource Development of Watershed Lands was a
series of courses held at the University of Arizona as part
of the U.S. Department of Agriculture’s support of U.S.
Agency for International Development (USAID) programs
in the field. The six week courses provided intensive
training in technical subjects and included field applica-
tions. Participants had the option of receiving formal
university graduate credit. Participants were selected from
countries in which USAID had missions. The outcome of
such training is difficult to track, given the dispersion of
peoplewho are trained. Even so, the experience of instruc-
torsinthese courses suggests that many of the participants
have emerged as country, regional and international lead-
ers in watershed management.

Institutional and Policy Implications

Policy and institutional support is essential for water-
shed management projects to become integrated into long-
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term programs that have lasting impacts on people and
their use of land and water resources. Institutional issues
are many and involve all aspects of land and resource use.
In the context of projects reviewed, policies and institu-
tional considerations need to include not only those of
national governments, butalso those of donor agencies. In
the initial development of projects, better coordination
and communication between national governments and
external donors and agencies would facilitate success. In
smaller countries, such as Jamaica, Lesotho, Nepal, and
Rwanda, the myriad of large projects with many donors
and implementing agencies can overwhelm the institu-
tional capacity of the government. Projects initiated by
outside donors should consider national development
goals of the host country and the assimilation capacity of
the respective governmental agencies and institutions.

An observation with respect to both donor and national
agencies is a lack of institutional memory concerning the
lessons of past watershed management projects, and an
overrelianceto repeatthe sametechniquesand approaches
without adapting to changing circumstances. This prob-
lem prevails at several levels, including the policy level,
and is particularly troublesome within agencies that are
funding projects and training programs. Policy makers
must become aware of what has happened in the pastand
with changing leadership, there is need to frequently
update and increase the understanding of policy makers
about watershed management. The issue is one of devel-
oping mechanisms for maintaining continuity of projects
and programs so that knowledge from past projects are
passed on for future reference.

Effective institutional support is necessary for project
outcomes to become implemented into sustainable water-
shed management programs. This support can be at vari-
ous levels, local, regional or national. Two observations
can be made in this regard. First, institutional arrange-
ments are needed so that natural resources are managed
in a way that recognizes watershed boundaries, even
though those organizations responsible for management
are often organized around politically determined bound-
aries. Second, interdisciplinary approaches are needed to
manage soil and water resources in a watershed frame-
work. These two points are interrelated. Governmental
organizations usually have specific mandates for a par-
ticular natural resource component, for example, forests,
irrigation water, or hydropower, and are staffed with
professionals in a particular discipline, i.e., foresters and
engineers. They usually lack the ability and authority to
cope with the myriad of watershed-level issues and they
are not organized around watersheds, leading to both
duplication of efforts and/or voids in responsibilities
from a watershed perspective. Interestingly, this problem
has been recognized by community based groups who
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have organized around watersheds; these groups have
proliferated in the United States (Lant 1999) and in other
countries as well, such as Australia (Ewing 1999) and
Brazil (Porto et al. 1999). It is clear that institutional ar-
rangements are needed that facilitate the management of
land and water in concert with one another.

Strategies For Sustainable
Watershed Management:
Some Conclusions

Given the experience over the past few decades there is
little evidence that watershed management is becoming
woven into the fabric of natural resource and agricultural
development. In the past, water resource, forestry, and
agricultural projects were often developed with little re-
gard to watershed management and upstream-down-
stream linkages. Furthermore, the role of local people and
the importance of changing land use practices by those
people are critical factors in achieving successful pro-
grams. Common sense tells us that to develop sustainable
programs, land and water must be managed together and
that an interdisciplinary approach is needed. Are we
moving in that direction? There are some indicators that
this may be happening. People who are trained and edu-
cated in watershed management are assuming leadership
positions in many countries. Furthermore, the emergence
of citizen-based watershed organizations in the United
States and other countries recognizes on one hand, that a
watershed management approach is relevant, but on the
other hand, existing governmental institutions are not
fulfilling the role of watershed management. Such move-
ments indicate that policies and institutions that support
integrated watershed management are emerging. Based
onour observations and experience, the following are also
noted:

¢ Interdisciplinary approachesto projectdesignare
needed that integrate the technical and human
dimensions of watershed management. This re-
quires an understanding of cultures and tradi-
tional land use practices. Watershed planning has
historically relied upon engineering and techni-
cal expertise, but has been deficient in socioeco-
nomic aspects, resulting in less than optimal out-
comes and a diminished flow of benefits beyond
the termination of projects.
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¢ Socioeconomic research and participatory tech-

nigques need to be incorporated early in the con-
ceptual design and planning stages of projects.
Without coincident local participation, top-down
approaches alone often have inconsistent and
unpredicted results, even though they may be
technologically sound. Bringing in local partici-
pation, and socioeconomic specialists later on
when problems arise may be too late, and places
undue responsibility on those not responsible for
original project design. Participatory monitoring
and evaluation methods should be used through-
out the project cycle.

Before utilizing subsidies or cash-for-work incen-
tives, other means of providing incentives should
be considered. Negative externalities can result
when projects rely on subsidies; such economic
strategies that may not fit because of cultural and
economicdifferences between donoragenciesand
receptor countries.

Both environmental and socioeconomic monitor-
ing are needed throughout implementation and
following projectcompletion toassistininformed
decision making.

Projectdesignand planning should consider scale
and topography aspects in coping with upstream-
downstream interactions and cumulative water-
shed effects (Reid 1993). Small scale projects with
clearly defined watershed management objectives
have a greater chance of demonstrating positive
outcomes that can lead to long-term programs in
contrast to large, ambitious, and complex projects
that are difficult to manage and administer.

Administrative and institutional structures should
be developed that recognize watershed bound-
aries, without becoming overly complex. Flexibil-
ity in planning and management is essential.

Regional training and networking programs at all
levels should be promoted, building upon exist-
ing networks. Long-term funding support for tech-
nical professionals, managers, and policy makers
should receive the same attention as operational
field projects. Through expanded training pro-
grams, including training of trainers, diffusion of
technology occurs and the continuity of positive
project outcomes can be enhanced.
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Watershed Management in the 21 st Century:

National Perspectives

Carolyn Adams !, Tom Noonan 2, and Bruce Newton 3

Abstract.—Watersheds will continue to be planning management units
of choice during the 21% century. Historic precedent, contemporary
beliefs, regulation, and broad institutional support have insured their
future. Whether their use will result in more sustainable systems
depends on keeping natural resource issues a high national priority,
balancing competition for consumptive resource use, advancing tech-
nology, developing strong public policies, and continuing appropriate
research and supportive governmental policies. Further, it appears that
successful watershed management will advance because organizations
promoting its use tend to be highly adaptive, constantly seek new
sources of information, and strategically use processes that foster inno-
vation.

Introduction

As Americans look ahead to the 21 century, we recog-
nize that we are in a position rarely matched in our
nation’s history. Our country has incredible prosperity
and unparalleled technology, while experiencing dra-
matic and rapid changes. We view with pride some
changes, such as medical advances, but other changes,
such as the continuing degradation of our Nation’s natu-
ral resources, especially our water, must be viewed with
alarm. How can this nation continue to prosper without
depleting its resource base? We need to enter the next
century with our attention turned to how best to prevent,
manage, or cope with the problems of gaining wealth at
the cost of continued damage to our ecological systems
(Killeen, 1999). Natural resource decisions, either by indi-
viduals or society, need to be framed in a meaningful
context. Many believe that a watershed context provides
this powerful basis for assessing environmental condi-
tions and tracking the effectiveness of resource interven-
tions. A watershed focus also provides a mechanism to
bridge barriers between management agencies, a logical
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geographic unit for technical analysis, and perhaps most
importantly, an understandable and tangible landscape
unit for engaging the public.

In this paper we explore the following questions: will
the use of watersheds as the framework for natural re-
source management increase as we move into the next
century; and will that provide a reasonable structure for
successful coping mechanisms to deal with the predict-
able and unforeseen challenges?

A Brief Retrospective: How We
Got Here

The United States has a long history of water manage-
ment. In the first half of the 19" century, water manage-
ment was strictly a local concern. Private citizens peti-
tioned their town for permission to build structures to
power a mill or to develop a private water supply system.
Abuse of rivers was constrained primarily by public nui-
sance provisions from English common law. Late in the
same century, Eastern and Midwestern cities with politi-
cal power and financial resources condemned expanses of
land for the development of water supply reservoirs. They
acted unilaterally because no other level of government or
segment of society claimed authority over water resources.
In the West, water rights became the provenance of state
government, which enacted laws to define water rights
and settle disputes. The scarcity of water in Western states
led to water rights laws based on codes of behavior origi-
nating with prospecting miners. Foremost was the con-
cept that first in time was first in right. Toward the end of
the 19™ century, a series of disastrous floods in the East
prompted calls for flood control. The U.S. Army Corps of
Engineers (the Corps) was directed to build projects that
“harnessed rivers’ to protect lifeand property from floods.
The Federal government also expanded its authority over
water resources with the Rivers and Harbors Act of 1899.
This Act extended federal authority to all navigable wa-
tersand prohibited the construction of any structure or the
modification of any waterway without the expressed rec-
ommendation of the Corps’ Chief Engineer and the autho-
rization of the Secretary of War.
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The early 20" century saw considerable activity at the
municipal level. City Public Works departments con-
structed drinking water systems, built supply reservoirs,
and installed sanitary sewage treatment works. Private
power companies constructed hydroelectric dams. In 1902,
under the Reclamation Act, the Federal government be-
gan the business of water development for irrigation
supply in the West, primarily carried out by the Depart-
ment of Interior’s Bureau of Reclamation (BOR). The 1927
Rivers and Harbors Act significantly expanded water
resource programsofthe Corpsand authorized the agency
to develop comprehensive multipurpose plans for every
river basin in the United States. By mid-1930 the Corps
had prepared more than 200 plans, which became the
basis for much of that decade’s dam construction boom.
The Corps and the BOR guarded their jurisdiction and
actively opposed the establishment of other federal or
regional entities. Even so, the 1930s saw the entry of
several new players. The U.S. Department of Agriculture
(USDA) was directed to reduce flood damages through
watershed studies and land-based measures. The Tennes-
see Valley Authority (TVA) was established in 1933 with
authorization to build dams (USDA, 1972; NRC, 1992).
Largely motivated to stimulate the economy, the Federal
government began a large program of dam construction
in the 1930s. This era of large public expenditures for
water structures continued until the 1960s. After World
War IlI, USDA became a major player when the Soil
Conservation Service (now the Natural Resources Con-
servation Service or NRCS) began building projects in
upper watershed areas.

Throughout this period, concern about cost efficiency
and interagency battles led to the establishment of several
commissions charged with coordinating the federal agen-
cies involved in water resources; the Corps, the BOR, the
Public Health Service, and SCS. Those commissions failed
largely because the politics of deciding which projects
would be built where became very important to Congress.
They resisted any attempt to interfere with the “pork
barrel politics” that could benefit a Congressional repre-
sentative so significantly (Riley, 1993).

After decades of failed attempts to coordinate water
policy, the Water Resources Planning Act was enacted in
1965 to establish a National Water Resources Council
(WRC) and several regional river basin commissions. The
Act provided for the Council to develop water policy and
to provide financial assistance to the states to support
state-level water planning. Interstate basin commissions
could be established to coordinate water supply, sewage
and flood-control districts, state water resource agencies,
the Corps, BOR, SCS, and the Environmental Protection
Agency (EPA). Interstate commissions were to prepare
and update coordinated plans and conduct data collection
and studies (Fairchild, 1993). In 1972, the Clean Water Act
was passed and it too had a major planning component;
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section 208 provided for a national program of “area
wide” or regional water quality plans. Also in 1972, the
Coastal Zone Management Act was enacted encouraging
comprehensive planning for coastal areas.

By 1980 all of these programs, to some degree, had
failed to fulfill their original promises. The main reason
for widespread failure of the regional component of the
1965 and 1972 acts was that the major players refused to
acknowledge the authority of the regional entities (com-
missions) that had been established. The Corps consid-
ered itself the nation’s water planner and saw no benefit
in cooperating with them. The Office of Management and
Budget (OMB) saw its role of deciding which projects
would go into the President’s budget as threatened by the
commissions (Fairchild, 1993). Congressional committees
were opposed to what they interpreted as the WRC ad-
vancing the President’s role in deciding project priorities.
President Carter’s “water project hit list” epitomized this
belief when the WRC identified a multitude of water
projects as inadequate in providing regional or national
benefits (Riley, 1998).

Finally, the states saw these efforts as attempts to un-
dercut their role in water planning and saw little reason to
work with the commissions when they could get their
projects funded directly from Congress. The states’ per-
ception was not unfounded since the Clean Water Act
was, in fact, based on the belief that the states were
unwilling or unable to control water pollution. The Act
empowered the EPA to regulate cites and industries, run
the permit programs, and manage the construction pro-
grams. The Act’s 208 planning process and several other
grant programs intentionally circumvented the states and
provided funds to regional planning entities. As the states
developed stronger programs through the 1970s and 1980s
in order to win “delegation” of the Clean Water Act
programs from the EPA, they increasingly opposed the
efforts of regional planning commissions. The 208 plans
had no buy-in from either state or local governments, and
the EPA had no authority or funding to ensure that local
governments followed plan recommendations. Thus, the
plans developed reputations as bonanzas for consultants
and unused documents. In 1981, the WRC was abolished
by the Reagan administration and the Federal govern-
ment largely abandoned basin planning. In the early
1990s, the EPA renewed the call for a “watershed ap-
proach” to environmental planning. The EPA was moti-
vated by the need to engage local entities in nonpoint
source control and ecological restoration efforts for which
federal authority is inadequate (USEPA, 1991).

What lessons can be learned from the history of water-
shed planning? First, the public mind-set and state/local
laws about water resources varied historically and con-
tinue to do so from east to west and from cities to small
towns based on scarcity of water and community wealth.
Second, the fragmented nature of the local-state-federal
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governing structure in the U.S. and the decentralized
authority of agencies at all levels of government create
barriers and challenges to integrated, comprehensive
watershed or basin management. Third, the top-down
model in which federal agencies act as the primary deci-
sion-maker draws strong resistance from state and local
entities. Finally, planning agencies at any level of govern-
ment must have adequate authority through either finan-
cial resources or policy-making authority.

Contemporary Predicament:
Where Are We Now?

Given the lack of clear success historically in the man-
aging the nation’s water resources, what is our contempo-
rary situation? To understand the present, the authors
examine the primary influences on resource management
atthe watershed scale in this decade: the drivers, enablers,
and state/federal support for watershed use.

Drivers: External Forces

Public Health and Expected Levels of Livability

Many institutions are revisiting or establishing new
commitments to their constituents regarding environmen-
tal legacy; i.e., creating a vision of what kind of landscape
should be passed on to descendants. For example, the
Commonwealth of Pennsylvania’s Constitution states in
Avrticle 2, Section 27, “The people have a right to clean air,
pure water, and to the preservation of the natural, scenic,
historic and esthetic values of the environment.
Pennsylvania’s public natural resources are the common
property of all the people, including generations to come.”
This constitutional right became the basis of the state’s 1998
Report of the 21% Century Environment Commission that
recommendsacomprehensive framework to conserve natu-
ral resources for sustainable use and make a healthy envi-
ronment for healthy people. The framework depends in
large part on comprehensive watershed managementas an
implementing mechanism. Other institutions and govern-
ments have similar initiatives and activities.

Pervasive Focus on the Essential Need for
Clean Water

Arguably, water is the most necessary and recognized
public natural resource. Concern for clean (drinkable,
swimable, and usable) water is a major influence on the
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increase in watershed activities. In the 1990s, there have
been outbreaks of microbiological contaminants (includ-
ing such bacteria as Cryptosporidium, protozoa, and vi-
ruses) in drinking water, increased issuance of “boil wa-
ter” notices, beach closures, fish kills, and elevated levels
of nitrate in drinking water that pose immediate threat to
young children. These situations fuel public and govern-
ment concern about watershed functions and how the
processes relate to the quality of potable water.

Regulatory Shifts

Since the 1970s, control of point-source discharges
within our watersheds has been hugely successful due to
the installation and upgrading of treatment facilities by
units of government and industry. With these severe
problems largely under control, nonpoint source runoff
and aquatic habitat degradation are now considered the
most significant impacts on water resources. Millions of
individuals own nearly 70 percent of the land base in our
Nation and each is responsible for generating some
nonpoint pollution and habitat degradation. As a result,
recognition that regulation of nonpoint sources is not
culturally acceptable, cost effective, or practical to imple-
ment is increasing.

In response to this recognition, governments at nearly
all levels are committing to more locally based systems of
regulation and citizen-based actions involving communi-
ties. Many believe that these multitiered, citizen based
processes may be the most effective ways of institutional-
izing the underlying values necessary for lasting resource
management efforts (Lee, 1996).

Belief in an Environmental/Economic/Community
Equilibrium

Leadership in the U.S. believes that Americans can
“have it all.” “All” broadly defined means sustainable
development; i.e., environmental health, economic pros-
perity,and social equity and well-being (President’s Coun-
cil, 1996). Some ecologists refer to this beliefasthe “Nature
Balanced” view or a belief system based on the notion of
logical growth and the challenge of navigating through
demographic, economic, social, and environmental shifts
to reach a plateau of sustainability (Gunderson, et al.,
1995). Much scholarship and many policy changes are
being driven by this belief. This equilibrium concept is a
clear, intellectually appealing force, but as yet, its attain-
ability is unknown.

Strong Feelings about Environmental Values,
Community, and Future Generations

The American public has valued the environment,
community, and responsibility to future generations since
the early 1960s (Kempton, 1995). Some of these values
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now are evolving into the use of watersheds as spatial
units for planning. In part, this comes from widespread
public and political recognition that ecological identity or
one’s “watershed address,” relates water resource con-
cerns to one’s nearby environment. Thus, environmental
health for one’s descendants is more likely to be perceived
as a product of individual efforts in local communities
rather than by centralized regional or national institu-
tions. As U.S. Senator Kit Bond from Missouri stated in a
recent press release, “l believe that a ‘one size fits all’
approach no longer works. | believe that states and locali-
ties, instead of Washington bureaucrats, are best able to
make environmental decisions and set priorities.” While
this statement rings of political rhetoric, it was followed
by the Senator’s acquisition of $3 million in funds for the
Missouri Watershed Initiative.

Enablers: Supportive Forces

Increasing Quantities of Resource Data at Large
Spatial Scales

Satellites, aircraft, and ground-based instruments con-
stantly collect data. At least 30 earth observation satellites
and sensors were on observational missions in June 1999
using optical and near-infrared radiation and radar (active
microwave) to generate visible images. The World Wide
Web’s remote sensing virtual library lists hundreds of sites
for satellite data and remote sensing conferences, societies,
documents, journals, news groups, and resources. An ex-
plosion of natural resource data is available as is the prolif-
eration of regional and watershed scale assessments and
plans. Paradoxically, even though remote sensing data has
exploded in quantity, we still lack basic information on the
status of resources that cannot be assessed using remote
sensing such as the ecological condition of aquatic re-
sources or status and trends in water quality (Paulson,
1998).

Increased Cooperation Between Organizations

Historically, myths, paradigms, and ideologies that
represent special viewpoints drove institutions and orga-
nizations. When fewer paradigms exist and organizations
work toward shared viewpoints, the flow of information
and resources increases, learning occurs, and people coa-
lesce toward action (Westley, 1995). In the 1990s, collabo-
ration between natural resource agencies is being pro-
voked, to a large degree, by downsizing and associated
fund reductions and personnel. Whether stimulated by
scarcity or perceived benefits, experienced watershed prac-
titioners know that finding common ground through co-
operation and building partnerships is leading to wider
acceptance and quicker implementation of actions that
benefit natural resources.
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State and Federal Watershed Leadership

State Supported Strategies

State governments are now taking active roles in en-
couraging and requiring watershed management ap-
proaches, particularly for the reduction and elimination of
nonpoint discharges to water. Kentucky, South Dakota,
and Texas promote the use of statewide approaches; Cali-
fornia and Oregon have assembled watershed-based
project inventories and river information systems, while
Massachusetts and Wisconsin have reorganized state
agency structures to coincide with watershed or basin
boundaries. The general trend is for states to take an active
leadership role in resource management and to use water-
sheds as the basic planning unit.

Federal Strategies

Federal agencies, led by the authority and persuasive-
ness of the White House and the Clean Water Action Plan,
are strongly supporting and advocating the use of water-
sheds (CWAP, 1998). The greatest federal emphasis is
from the EPA’s Office of Water. This office provides
massive quantities of resource information related to wa-
tershed management in the form of publications, web
sites, videos, training, and educational material. The moni-
toring aspect of watershed work is strongest from the U.S.
Geological Survey’s Water Resources Division and their
NAQWA program, and on land technical assistance is the
primary focus of the USDA’s Natural Resources Conser-
vation Service. The 1996 “Farm Bill” statute redirected
financial support for conservation toward priority areas
to better align resources with watershed planning efforts.
The trend is clearly toward federal leadership in using
watersheds as a basic planning unit.

Prospects for the 21 s' Century:
A Potpourri of Opinions

The world is not run by thought, nor by imagination,
but by opinion (Drew, 1926).

If indeed the world is run by opinion, what are our
opinions with regard to how natural resources will be
managed in the U.S. of the 21% century? Will a focus on
watersheds influence scenarios for management? The
authors used an informal query of opinions to gain some
insightsinto these issues by asking knowledgeable profes-
sionals where they thought the nation might be and where
it might go with regard to watershed management. Four
guestions were directed toward these professionals:

USDA Forest Service Proceedings RMRS—P-13. 2000



¢ How will people’s attitudes toward natural re-
source issues change in the 21 century?

* What factors will cause those changes in atti-
tudes?

¢ What do you think should be the primary role for
the Federal government in watershed-based
resource management in the 215 century?

¢ What motivations will encourage people to use a
watershed approach in the 21% century?

¢ What will be the top three research needs for
watershed management in the 21% century?

This was not a scientific study, thus no sampling
techniqueswere applied. The authorsreceived responses
from 22 people from different areas of natural resource
management. The individuals contacted work for a
variety of governments and organizations including
the Audubon Society, the Charles River Watershed
Association, the Chesapeake Bay Commission, the South
Florida Water Management District, Texas Natural Re-
sources Conservation Commission, The Watershed Coa-
lition, the University of Maryland, and the EPA among
others. Many regions of the country are represented as
well as job positions including policy makers, research-
ers, land managers, administrators, and natural re-
source managers. The synthesis of these conversations
provides a compelling story about attitudes and soci-
etal direction for natural resource and watershed based
activity for the 21t century.

Attitudes toward Natural Resource Issues
in the 21 st Century

In general, respondents described a strengthening in
attitudes for natural resource awareness in the 21 cen-
tury. Few consistent responses emerged about possible
changes in citizen attitudes. Some believed that there will
be a broadened focus on natural resources and an increas-
ingly educated population will have a growing positive
awareness of resource values. Some, but not all, thought
these changes could relate to watersheds rather than
political boundaries. A thread throughout the responses
suggests that people will become possessive about natural
resources and more demanding about their preservation
and protection. This sense of urgency is countered by
others who stated that environmental concerns will be
lessened and more localized—a continuation of a current
trend where people are nhow more interested in their
backyards, less globally aware, and somewhat compla-
cent. Onthe other hand, some thought that environmental
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awareness is now growing again in the late 1990s, after a
strong beginning in the 1970s and a waning in the 1980s
and early 1990s. Several said that natural resource issues
might rise to a top priority.

Various rationales were given as to why people will
become more involved, more focused and increasingly
linked on natural resource issues. Changed attitudes and
behavior will be the product of personal experiences,
environmental education, media activity about ecological
problems, and a result of technological advances that
permit instant connections among a concerned citizenry.
Respondents overwhelmingly believe that these changes
will be driven by three primary factors: degradation of the
environment, accompanied with associated declines in
the quality of life; potential shortages of natural resources
as commodities; and technological innovations that will
keep decisionmakers and the public better informed.

Degradation of the Environment

Respondents felt that the public’s witness of ecological
degradation will help sharpen their viewpoints, espe-
cially degradation that results in decline of quality of life
and increased costs of pollution control. Citizen attitudes
will be influenced by personally experienced environ-
mental degradation and impacts resulting from increased
development, flooding, increased fragility of resources,
more urban sprawl, loss of habitat, and more pollution
problems moving from the city to rural areas, such as air
pollution and poor water quality. Additionally, an in-
creasing population will direct more and more pressure
on natural resources. Some conjectured that these condi-
tions would push people to seek solutions, such as more
emphasis on protection of green space and natural habi-
tat. People will become more informed about environ-
mental issues and less tolerant of pollution. Attitudes in
the 21t century may be further influenced by an expected
clarification of the connection between degraded environ-
mental conditions and negative human health.

Competition for Resources

Several respondents commented that people would
view natural resources as commodities, with an increased
eye to their extraction. Some stated that natural resources
will simply become more limited, thus more expensive,
and this scarcity will play an important role in a sharp-
ened focus on them. One respondent thought a growing
recognition that the “world is no longer empty” will be a
major driving force, and that technology will be redirected
toward conserving natural capital. In fact natural capital
may be increasingly recognized as the limiting factor
instead of more traditional measures of economic capital.

A number of respondents mentioned the increasing
view of natural resources, especially water, as a com-
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modity, and suggested that future debates will argue
theirtrue economic value. Expected population increases
will demand more of these already stressed resources,
and water scarcity will become a more crucial and con-
troversial issue, especially in the more arid areas. The
true costs for having abundant and clear water will
sharpen the issue in the public’s mind. Arid areas will
seek more water, and those “areas of plenty” will view it
more protectively, thus intensifying public debate and
making a key natural resource the subject of intense
economic concern. With increasing scarcity people may
be willing to pay more for their consumptive use, but at
the same time, more to protect them. Unfortunately, this
protection could come mainly from an impetus to control
resources rather than from an educated understanding
of ecosystems.

Technological Contributions to Informed
Decisionmakers and Citizens

Several respondents believed that the rapid availability
of information to decisionmakers and citizens via new
technology (i.e., the Internet) could affect what they know
and understand and thus, influence their attitudes about
natural resources. Computers and web sites will continue
to provide increasing amounts of information on water-
shed issues, the overall environment, and environmen-
tally induced illnesses. The availability of digital data
should enhance availability and management of informa-
tion for scientific evaluation and information sharing.

One professional suggested that technology break-
throughs might increase general knowledge and under-
standing of ecological impacts from different stressors on
humans and other biota. This would result in greater
abilities to intervene in ways that will achieve watershed
management goals with a higher level of predictability.
This broad and hopeful thought, one full of promise and
challenge, might prove to be the most prophetic.

Future Role of the Federal Government in
Watershed Management

Respondents thought that state and regional entities
are bestequipped to handle local issues and problems, but
believed that the Federal government has several signifi-
cant roles. The roles suggested are not necessarily new,
rather the respondents’ opinions of roles for which the
national government is best suited. The majority of re-
source professionals contacted believed appropriate fed-
eral roles should be: a) providing funds and incentives
while giving authorization to the states and regional enti-
ties; b) providing guidance and oversight, especially set-
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ting and regulating minimum standards; and c) facilitat-
ing complex, multiparty, integrated resource manage-
ment plans. There were also minority opinions expressed
that the Federal government should provide baseline
information, inventory and disperse data, and be a “pa-
tron” for small watershed efforts.

Funds, Incentives, and Authorizations

Overwhelmingly, the respondents stated that the na-
tional government has a substantial role in funding the
efforts of states and regional entities. One comment was
“Many of the solutions are simply beyond the funding
ability of many states in which the key natural resource
issues are located.” The general sense was that the govern-
ment is going in the right direction with environmental
mandates accompanied by funding. Support was also
given for incentives and increased authorization to the
states and regional entities to pursue local solutions to
local problems. The respondents believed that these ap-
proaches should continue and be enhanced.

Provision of Guidance and Oversight

Contributorsthink that the Federal governmentshould
provide methods, protocols, and education, and in gen-
eral, serve as a communication link for providing infor-
mation across political boundaries. The government should
also lead regional, state, and local governments to work
cooperatively along watershed lines. Some respondents
thought an essential role is providing oversight through
establishing and enforcing broad-based standards, such
as TMDL’s (total maximum daily loads). Reasonable stan-
dards should be set by the national government, but a
primary role should also be to bring constituents together
to identify, analyze and solve natural resource problems.
This is especially important for large basin issues with
implications for regional and interstate water resource
management.

Facilitation for Complex, Multiparty, Integrated
Resource Management Plans

One respondent noted that a “forgotten” role of the
national government is to provide focus on regional scale
or interstate resource management issues. It was further
emphasized that the government should be “emphasiz-
ing, encouraging, and insisting on integrated resource
management.” Integrated management was described as
going beyond traditional concepts of watershed manage-
ment as surface water control. The federal level should
clearly understand and promote an ecological systems
approach that integrates the interactions between all sys-
tems—physical, biological, and atmospheric.
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Motivations to Use a Watershed Approach

Respondents thought that motivations to use a water-
shed approach will be strikingly similar to the factors cited
as those most likely to change citizen attitudes about
natural resource management in the next century. They
believed appropriate motivations should be crafted around
economic incentives, education, and regulation.

Economic Incentives

Clearly, the use of money as economic incentive was a
recurring theme among the responses. Mini-grants and
financial incentives for planning and watershed coordi-
nators were discussed. Several respondents replied that
economic logic is also an appropriate motivator. For ex-
ample, watershed approaches have been demonstrated to
be cost effective when the cost for not dealing with water-
shed issues is computed (i.e., pollution abatement, treat-
ment facilities, remediation, and restoration costs).

Education

The most pervasive response to the issue of motivations
was thateducation, inits broadest concept, was necessary.
Citizens need to understand what watersheds are, how
they can be used as a framework to balance differing
resource concerns, and how their use would be beneficial
to encourage collaboration and sharing of limited re-
sources. Perhaps most importantly is the understanding
that watershed system-based approaches could replace
piecemeal, quick fix solutions that often generate worse
conditions than originally present. Education could re-
duce lack of understanding about how total watershed
systems react to intervention.

Regulation

A few respondents expressed strong belief that volun-
tary watershed management is limited in its ability to
produce results. One person noted that “people are set in
their ways; the Federal government must mandate—then
the voluntary part will happen after that.” Another noted
that, “Many aspects of natural resources and the environ-
mentare essentially nonrenewable and must be proactively
managed by those who are looking out for the long-term
well-being of humans and other creatures.”

Perhapsthe mostblunt, but true, response about motiva-
tions to encourage the use of watershed approaches was
that, “Everything else that has been tried has failed; it is the
only way to deal with cumulative effects. Watershed ap-
proaches will be successful when governments realize they
are very effective tools to gather citizens toward action.”
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Research Needs for
Watershed Management

The contributors provided a rich river of ideas about
what watershed managers need under the general um-
brella of “research,” though most used a liberal interpre-
tation of the term. There was little to no duplication of
ideas, so clearly a great deal about the field and practice of
watershed managementisstill to be learned. Respondents
stated that more knowledge is needed in the inquiry areas
of planning (tools, methods and protocols), basic research,
and applied research.

Planning (Tools, Methods, and Protocols)

Several of the ideas involved planning tools to deal
with the human elements of watershed work including
how to change behavior and how to use communication
techniques for effectively working with communities.
Others focused on tools for more abstract processes such
as developing ways to preserve natural resources along
with quality of life and determining the effectiveness of
controlled growth and land use planning.

Basic Research

Identified basic research needs included: (1) improved
understanding of surface water and ground water inter-
actions and their effect on stream ecology, and (2) im-
proved understanding of the effects of low concentrations
and mixtures of potentially toxic compounds interspersed
with seasonal pulses of higher concentrations on aquatic
organisms. Others focused on nutrient management from
a watershed perspective: (1) transport, fate and effects of
nutrients on stream ecology, (2) source and control of
nonpoint bacteriaand true relative risk, and (3) prediction
of loadings of phosphorus and metals, and (4) better
information on sources and controls of agricultural run-
off.

Applied Research

Most responses dealt with application and the need for
action-oriented guidance. Onerespondent stated emphati-
cally, “We are a research happy nation—need to start
applying the research we have.” The applied research
needs included: (1) cost effective water treatment tech-
nologies prior to discharge into natural systems, (2) deci-
sion tools that allow integration of natural resources
with other activities so that system linkages can be
portrayed, and (3) system tools for understanding ur-
ban ecosystems.
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Predictions: A Summary

Does anyone have a crystal ball that will truly allow us
to gaze into the next century with accurate predictability?
Practically speaking, it is a great accomplishment if one
can anticipate trends of the next 5 to 10 years. If current
trends continue, it seems reasonable that the following

will occur:
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1. For privately owned lands, states will continue to

support watershed organizational efforts, pro-
vide some financial incentives, coordinate with
federal agencies, and orchestrate instate water-
shed managementactivities. Federal agencies will
serve primarily inatechnical supportand facilita-
tion role, provide some financial incentives, and
continue to be active leaders in interstate and
international efforts. On public lands, federal agen-
cies will lead the planning and management ac-
tivities, but with increased partnership from pri-
vate land managers in the watershed.

. Stateswillincreasingly adopt strong state statutes

to require watershed planning and analyses, es-
pecially as it relates to the management of water
resources. The Federal government will establish
incentives for states to adopt strong statutes to
support and provide oversight and guidance to
watershed planning efforts.

. The concept and practice of adaptive manage-

ment will be increasingly critical and more fre-
guently used in watershed management. Adap-
tive management starts with the recognition that
the knowledge to predict the results of a resource
management decision is often lacking. Major re-
source management decisions are approached
similar to an experiment with monitoring and a
process to evaluate results and modify the re-
source management plan in response to new
knowledge.

. Ecological sciences important to watershed man-

agement will continue to evolve at the same time
as publicagencies struggle with adaptive actions/
reactions. Agencies will most likely still remain
bogged down in inflexible policies and regula-
tions; generally several steps behind leading edge
of ecological knowledge.

. Watershed planning processes will increasingly

be bottom-up, locally based efforts that rely on
strong citizen leadership and activism. Public dia-
log, ownership, and education will be critical.
Nongovernmental organizationswillincreasingly

build bridges to the public and be effective mod-
erators between adversarial parties.

6. Interdisciplinary work will be absolutely essen-
tial inwatershed management, and more ‘nontra-
ditional’ and arcane disciplines will be needed to
address increasingly complex issues.

7. Effective watershed management will require that
scientists agree on definitions for “success” and
“failure” and establish thresholds for tolerance.
Monitoring and evaluation will become essential
components of all watershed projects that involve
ecosystem protection, modification, or restoration.

8. Scientists need to find more effective methods of
explaining their work to reduce confusion and the
fog factor for the publicand decisionmakers using
watershed approaches.

9. Ecological changes in watersheds and basins
caused by cumulative, seemingly insignificant,
human actions will continue to cause surprises
and sometimes disasters.

10. Analysis tools, such as geographic information
systems and remote sensing, will become more
affordable, sophisticated, and commonly used in
decisionmaking processes. At the same time these
tools will become increasingly mobile and acces-
sible to the public. The availability of data will
increase exponentially as dependence on the infor-
mation highway (Internet) grows. Watershed plan-
ning will be confounded by the vastamount of data
available and practitioners will struggle with how
to manage it effectively and in a timely manner.

The 21% century in the United States will be an ever
changing ecological, economic, and social environment. If
watershed management succeeds as a viable tool for man-
aging natural resources, it will be because visionaries are
attracted to the challenge and because organizations in-
volved are highly adaptive, encourage shared collabora-
tion, are constantly open to new sources of information,
and strategically concentrate on processes that foster in-
novation and learning.
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Watershed Management Perspectives in the Southwest:

Past, Present, and Future

Peter F. Ffolliott *, Malchus B. Baker, Jr. 2, and Vicente L. Lopes 3

Abstract.—Watershed management perspectives in the Southwest have
been, are, and will be reflected by the nature of watershed management
practices. Past perspectives evolved from considerations of increasing
water yields and water quality concerns. Present perspectives are
centered on minimizing adverse impacts to soil and water resources,
sustaining high-quality water flows, and rehabilitating watershed in
poor condition. Future perspectives will likely focus on an increase in
demand for watershed resources, more efficient use of limited water-
shed resources, and more efficient management of available watershed
resources. These perspectives are more specific than global and national
perspectives, which is expected when focusing on a specific biogeo-
graphic and socioeconomic setting.

Introduction

Watershed management perspectives presented at glo-
bal and national levels also apply to the Southwestern
region of the United States. Issues identified by Brooks
and Eckman (this publication) at the global level, and
Adamsetal. (this publication) at the national level, such as
water scarcity, water pollution, and a scarcity of land and
natural resources, enhance consideration of past, present,
and future watershed management perspectives in the
Southwest.

At all levels of perspectives, watersheds are effective
planning units for ecosystem-based, multiple use natural
resources management practices, projects, and programs
(Adams et al. this publication, Brooks et al. 1992, Lopes et
al. 1993, and others). However, as pointed out by Adams
etal., continued use of watersheds in a planning capacity
will depend on whether natural resources management
issues are prioritized by decisionmakers. In addition, the
ability of competition for consumptive natural resource
use, advancing appropriate technologies, and developing
effective land-use policies to be adequately balanced will
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sity of Arizona, Tucson, AZ

2 Research Hydrologist, U.S. Department of Agriculture, For-
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affect the continued planning use of watersheds. These
are certainly relevant to the Southwest.

Past, present, and future perspectives of watershed
management in the Southwest, reflected by the nature of
watershed management practices, are considered in this
paper. These perspectives of watershed management are
more specificthan global and national perspectives, which
isexpected when focusing on aspecific biogeographicand
socioeconomic setting.

The Southwest Setting

The Southwest, which includes Arizona and New
Mexico, and portions of Nevada and California, has bro-
ken and diverse topography. Isolated mountain ranges
are separated by valleys, plains, or desert floors. Forest
and woodlands cover the mountains, while mostly
shrubland ecosystems and a diversity of floristic commu-
nities common to the warm-temperature Chihuhuan and
Sonoran Deserts are found at low elevations. Soil parent
materials are volcanic basalts, sedimentary rocks, and
granitic in complex layers. These soils are shallow, often
infertile, and moderately erodible.

The region receives an average of 330 mm of annual
precipitation, mostly in 2 seasons. About 60% of the an-
nual precipitation occurs in the winter, often as snow at
the higher elevations. Winter precipitation is associated
with frontal storms from the Pacific Northwest. The major
source of moisture for summer rains is the Gulf of
Mexico. As it moves into the region, this moisture passes
over mountainous terrain, which causes it to rise, cool,
and condense into intense, localized convectional rain-
storms.

Mixed conifer forests of Douglas fir, ponderosa and
southwestern white pine, white and corkbark fir, Engel-
mann and blue spruce, occupy 160,000 ha of wet, cool sites
at the highest elevations in the region (2,100 to 3,000 m).
Precipitation at these elevations averages 630 to 760 mm,
of which more than half is snow. Streams originating
above 2,900 m are often perennial, while those beginning
at lower elevations are mostly intermittent. Preferring
warmer and drier sites than mixed conifer forests, lower-
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elevation ponderosa pine forests occupy 2.4 million ha
between 1,800 and 2,700 m. Annual precipitation on these
sites averages 500 to 630 mm, equally divided between
rain and snow. The mostly ephemeral streamflows origi-
nate largely from snowmelt.

Pinyon-juniper and evergreen oak woodlands occupy
8.2 million ha of intermediate-elevation lands between the
higher forest types and lower desert ecosystems. Summer
rains account for about half of the 300 to 450 mm of annual
precipitation. Streamflows are generally less than 25 mm,
although it can approach 75 mm on better water-yielding
sites.

Interior chaparral shrublands cover about 1.4 million
ha of discontinuous mountainous terrain south of the
Mogollon Rim in Arizona; chaparral shrublands are lim-
ited in extent elsewhere in the Southwest. Average annual
precipitation ranges from about 380 mm at the lower
elevationsto 630 mm atthe higher elevations. Streamflows
from these sclerophyllous shrublands average 25 mm, but
varies greatly with precipitation, elevations, and soils.

Desert shrublands of numerous shrub species and cacti
are delineated into northern and southern types. The
northern desert shrub type is largely confined to eleva-
tions between 750 and 1,500 m, while the southern type is
found mainly at elevations of 90 to 900 m. Annual precipi-
tation ranges from 125 to 350 mm for the northern shrub
type and 75 to 300 mm for the southern shrub type.
Streamflow is negligible. Desert shrublands are adjacent
to and often intermingle with desert grassland types at
almost all elevations.

Riparian ecosystems (narrow bands of trees, shrubs,
and herbaceous species along stream systems) are found
throughout the region (Baker 1999, Baker et al. 1998).
These ecosystems are often of special interest to the public
because they consume large amounts of water (thereby
reducing streamflows), represent conveyance systems for
streams originating on upland watersheds, possess high
scenic value, and provide critical wildlife habitats and
recreational opportunities. Restoration of degraded ripar-
ian ecosystems is a high priority watershed management
activity.

The Southwestern United States is one of the fastest
growing regions in terms of human populations. Much of
this continuing growth is due to the substantial migra-
tion of people into the region from the Midwest, the South,
and elsewhere in the West. Although the population is
concentrated in the larger metropolitan areas of Albu-
guergue, Phoenix, and Tucson, city dwellers escape the
summer heat by traveling to higher, cooler forests. The
Southwest enjoys relatively high incomes, low unemploy-
ment, and increasing amounts of leisure time. These con-
ditions serve to accelerate the demand on the region’s
natural resources.
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Past Watershed Management
Perspectives

By the middle of the 20 century, when intensive
management of watershed lands began in the South-
west, watershed management perspectives closely par-
alleled those at the national level (Neary this publica-
tion). It was thought, for example, that watershed man-
agement of forests, woodlands, shrublands, and untilled
grasslands could be accomplished to improve water
supplies. An early emphasis of watershed management
was the importance of water as a commodity. There-
fore, practices were largely centered on increasing wa-
teryields to downstream users through forestry-related
and other vegetation management interventions. Inten-
sive research efforts followed by operational programs
began at this time and, to some extent, are still conducted
on these important watershed-management topics.

Increasing Water Yields

Watershed management practices from the early 1940s
through the beginning of the 1980s focused largely on
increasing water yields through vegetation management
on upland watersheds. Water-yield improvement tests
were conducted on experimental watersheds located
mostly in Arizona. If the experiments proved successful in
increasing water yields, they were implemented opera-
tionally. Clearcutting, other silvicultural treatments, and
conversions from high water-consuming vegetation to
low-consuming vegetation were tested (figure 1). These
experiments demonstrated that water yields originating
on upland watersheds could be increased (to varying
magnitudes and duration) by changing the structure and
compositions of the vegetative cover on awatershed (Baker
1999, Baker and Ffolliott this publication). Additional
water yields, when obtained, were attributed largely to
decreases in transpiration rates.

An analysis by Hibbert (1979) showed that vegetative
manipulations could increase water yields only on water-
sheds receiving more than 480 mm of annual precipita-
tion. He reasoned that precipitation below this amount is
effectively used by any residual overstory vegetation and
subsequent increases in herbaceous plant cover on the
watersheds. This finding, along with other analyses of
water-yield improvement potentials, suggested that in
the Southwest, high-elevation mixed conifer and ponde-
rosa pine forests and portions of low-elevation chaparral
shrublands have the best theoretical potentials for
increasing water yields through vegetation management.
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Figure 1. Heavy thinning of a ponderosa pine forest to increase water yields and
enhance other multiple-use values.

However, beginning in the late 1970s, increasing environ-
mental concerns have curtailed large-scale implementa-
tion of many of the vegetation management practices
proposed for water-yield improvement.

Water Quality Concerns

Emphasis shifted by the late 1970s from strictly consid-
ering water-yield improvement to concerns about the
guality of the water originating on upland watersheds;
this remains the focus today (Ffolliott et al. 1997). Part of
this concern evolved from the increased public awareness
of environmental quality issues in natural resources man-
agement. This heightened level of concern is exemplified
by passage of the National Environmental Policy Act, the
Clean Water Act, and creation of the Environmental Pro-
tection Agency in the early 1970s. Watershed manage-
ment took on the added dimension of ensuring that what-
ever practices were implemented considered physical,
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chemical, and biological qualities of water in steams from
upland watersheds.

Present Watershed
Management Perspectives

Watershed management perspectives in the Southwest
are now largely framed by the watershed management
approach to land stewardship, which recognizes the im-
portance of land productivity as an integral part of water-
shed management. This approach incorporates soil and
water conservation and land-use planning into a broad,
logical framework by focusing on the influences of people;
recognizing that the effects of these influences often fol-
low watershed, not political, boundaries; and appreciat-
ing that actions taken on upland sites often impact down-
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stream areas (Brooks et al. 1992, and others). Watershed
management now recognizesthe interrelationshipsamong
land use, soil and water, and the linkages between up-
lands and downstream areas.

Presently, watershed management practices are
grouped into 3 general categories. These categories are
practices that minimize any adverse impacts to the soil
and water resources (thereby sustaining the status of
watersheds in good condition), sustain high-quality water
flows originating on upland watershed lands, and reha-
bilitate watersheds to increase productivity (Baker 1999,
Baker et al. 1995, Lopes and Ffolliott 1992).

Minimizing Adverse Impacts

Because of fragile soils and limited water, it is impor-
tant to protect the watershed lands in the Southwest from
further deterioration of soil and water resources. Past
degradation, often widespread, has been attributed to
overgrazing, fire suppression, and both high intensity
rains and prolonged droughts. Watershed management
practices, similar to those used to prevent excessive rates
of initial erosion, are implemented to reduce further deg-
radation of watershed resources.

Road construction is prohibited in or near stream chan-
nels. Whenroads are closed to public travel, the roadways
are seeded with herbaceous plantspeciesto protectagainst
erosion. Timber harvesting in the Southwest has recently
been sharply curtailed, largely in response to environ-
mental concerns. The limited logging that occurs is often
restricted to periods of excessive rainfall. Livestock graz-
ing and recreational use is continually monitored to deter-
mine if and when remedial actions should be taken to
minimize the impacts of these land uses on stream chan-
nels, riparian ecosystems, and water quality. Prescribed
burning and a variety of mechanical control treatments are
imposed to reduce excessive fuel accumulations on sites
prone to wildfire (Edminster et al. this publication). These
actions are essential components of integrated watershed
management to maintain watersheds in a good condition;
accommodate ecosystem-based, multiple-use management
programs; and address the increasing public concern about
threatened and endangered plant and animal species.

Sustaining High-Quality Water Flows

Sustaining high-quality water flows from upland wa-
tersheds is a major focus of watershed management. Wa-
ter shortages, always present in the Southwest, will likely
become even more limited in the future as human popu-
lations increase. While large-scale manipulations of veg-
etative cover to specifically meet past water-yield im-
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provement objectives are not planned, a custodial man-
agement strategy to maintain the health of the forests,
woodlands, and shrublands in the region is paramount
(Baker 1999). These management practices, once again,
are consistent with sound land stewardship.

Best Management Practices (BMP) are often selected as
the approach to sustaining high-quality water flows. The
BMP approach involves identification and implementa-
tion of watershed management practices to reduce or
prevent nonpoint pollution (Brown et al. 1993). Many of
these practices are well known for erosion-sedimentation
processes concerning agricultural, forestry, and road con-
struction activities (Brooks et al. 1997). The BMP for miti-
gating some types of pollutants, however, are not known.

Watershed Rehabilitation

Concern for the declining health of watershed lands
has led to implementation of management practices to
restore the proper hydrologic functioning of degraded
watershed lands. Management practices to rehabilitate
watersheds in poor condition include controlling gullies
and mass wasting with properly constructed check dams
and other mechanical controls; protecting unstable stream
channel from further damage (figure 2); establishing pro-
tective tree, shrub, or herbaceous covers on degraded
sites; and further curtailment of timber harvesting, live-
stock grazing, and other exploitative land-use practices.
Presently, restoring riparian ecosystems to retain their
hydrologic equilibrium is a major focus of watershed
management (Baker 1999, Baker et al. 1998).

In the Southwest, artificial seeding of herbaceous plant
species on degraded watershed sites has been studied for
nearly a century. Thames (1977), Cox et al. (1984), Oechel
(1988), Roundy (1995), and others found that a variety of
perennial grasses and forbs can be successfully estab-
lished on sites needing rehabilitation. The results of these
studies provide managers with information necessary to
restore severely degraded watershed lands to more pro-
ductive conditions by establishing a protective vegetative
cover. Even though revegetation is difficult and costly, it
is possible. However, frequent drought and continual
human abuse of some lands continues to cause the deterio-
ration of fragile watersheds through accelerated erosion,
invasion of noxious plants, and reduction of plant growth
in general.

Many sensitive ecosystems in the Southwest are deli-
cately balanced within an environment having limited
water and a highly variable climate. This balance has
frequently been overwhelmed by past land-use practices,
resulting in severe and widespread watershed degrada-
tion. Careful implementation of watershed and hydro-
logic information has successfully restored some highly
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Figure 2. Protecting unstable stream channels by placing rocks on channels walls.

degraded sites. However, more intensive applications of
known technologies will depend largely on a more thor-
ough understanding of the fundamental hydrologic pro-
cesses operating in this unique environment.

Future Watershed Management
Perspectives

Future watershed management perspectives in the
Southwest, and elsewhere in the nation, will likely repre-
sent a more holistic approach to managing the biological,
physical, and social elements on a landscape delineated
by watershed boundaries. Watershed management prac-
tices must be based on the art and science of managing
natural resources on a watershed-basis to provide goods
and services to society without adversely affecting the
basic soil and watershed resources. Watershed manage-
ment in the Southwest must broaden its traditional focus
on wildlands to include the urban fringe and urbanized
areas to content with anticipated population needs.

34

Continuing Emphasis on Watershed
Improvement Practices

Future watershed management practices will continue
to minimize adverse impacts, sustain high-quality water
flows, and rehabilitate watersheds in poor conditions. Itis
likely that these practices will be intensified as continuing
monitoring activities indicate that additional watershed
lands require remedial actions to restore properly func-
tioning hydrologic processes (Baker et al. 1998). Imple-
mentation of BMP should help achieve these objectives.

Increasing Emphasis on Demands for
Watershed Resources

Much of the watershed-research effort in the past and,
to some extent, in the present has focused on the supply-
side of watershed management; for example, attempting
toincrease high-quality water flows from watershed lands.
Other approaches to increasing water supplies have also
been explored including water harvesting and spreading,
gaining access to deep aquifers, increasing storage reser-
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voir capacities, and changing storage techniques to reduce
evaporation (Gregersen et al. this publication). These sup-
ply-side efforts will continue to be a focus of watershed
management where realistic opportunities are present.
However, watershed management practices must also
emphasize the demand-side of the resource-availability
equation.

Efficient Use of Limited
Watershed Resources

The benefits of watershed management will become
evident through increased efficient use of the limited
watershed resources in the Southwest. To paraphrase
Gregersen et al. (this publication), greater efficiency in
watershed resources use is likely to be attained by chang-
ing technologies to those that more efficiently and effec-
tively use these resources. Providing people with greater
responsibility over their use of limited watershed re-
sources to encourage conservation isalso needed. Increas-
ing the prices of watershed resources (water, timber,
livestock forage, wildlife habitats, and recreational oppor-
tunities) to reflect their true scarcity-value and the costs of
supplying them, is also necessary.

Efficient Management of
Available Watershed Resources

Focusing on improving management of available (ex-
isting) supplies of water and other watershed resources
despite progress made toincrease the supply or reduce the
demands for these resources will be necessary. More
effective applications of known technologies should be
encouraged; watershed-management technologies must
be improved; effective technology transfer mechanisms
should be developed; and increased public awareness of
the need to balance the economic and environmental
values of available watershed resources will be required.

Summary

Past perspectives of watershed management in the
Southwest evolved from a desire to increase water yields
to addressing water quality concerns. Present perspec-
tives are centered on minimizing adverse impacts to soil
and water resources, sustaining high-quality water flows,
and rehabilitating watersheds in poor condition. Future
watershed management will likely become more holistic
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than what presently exists. This will occur through in-
creased emphasis on the demands for watershed resources
and more efficient use of limited watershed resources and
management of available watershed resources. With broad
public participation, this integrated vision must be the
future focus of watershed management to effectively re-
spondto people’s concernsaboutimproved land steward-
ship in the 21% century.
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Watershed Management and Sustainable Development:
Lessons Learned and Future Directions

Karlyn Eckman’, Hans M. Gregersen', and Allen L. Lundgren'

Abstract.—A fundamental belief underlying the direction and content
of this paper is that the paradigms of land and water management
evolving into the 21st century increasingly favor a watershed focused
approach. Underlying thatapproach is an appreciation of the processes
of sustainable development and resource use. The increasing recogni-
tion that sustainable development and sustainable ecosystem manage-
mentare processes rather than end states, is coupled with an increasing
awareness that these processes are fraught with uncertainty, and that
cumulative effects matter. This recognition opens a number of new
doors in terms of participatory adaptive management. Practical strate-
gies for dealing with uncertainty and avoiding unsustainable develop-
mentinclude more coordinated policies and programs that link distinct
political entities; greater flexibility in planning and management; comple-
menting technical appraisals with socioeconomic assessments; using
interdisciplinary and participatory planning approaches at all levels;
and precautionary monitoring with early warning signs.

Where Are We Going?

General Trends in Watershed Management

A recent USDA Forest Service report stated:

“Throughout their history, conservation science and
sustainable-yield management have failed to main-
tain the productivity of living resources. Repeated
overexploitation of economic species, loss of biologi-
cal diversity, and degradation of regional environ-
ments now call into question the economic ideas and
values that have formed the foundation of scientific
management of natural resources. In particular,
management efforts intended to maximize produc-
tion and ensure efficient use of economic “resources”
have consistently degraded the larger support sys-
tems upon which these and all other species ulti-
mately depend.” (Bottom et al. 1996).

We learn from our past mistakes and move forward,
hopefully, with greater wisdom and experience. A funda-
mental belief underlying the direction and content of this

'Department of Forest Resources, University of Minnesota, St.
Paul, MN
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paper is that the paradigms of land and water manage-
ment evolving into the 21% century increasingly favor a
watershed focused approach. The logic of using a water-
shed management approach as the unit of management
has been well documented, and encompasses multiple
technical and socioeconomic dimensions. Underlying that
approach is